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the medical practitionet mult, be {ufhiciently 
obvious when we conſider that the faculties 
of the human body are intimately connected | 
with thoſe powers of nature Which are in 
a more eſpecial manner the objects of that 
ſeience. Thus; viſion depends on light; 
health is in a great meaſure regulated by the 
ſtate of the atmoſphere, and life jitſelf de- 
pends on the purity of the air we breathe. 
The ſtudent who has had the advantage 
of a regular education, i is taught to conſider 
philoſophy as an indiſpenſable branch of 
medical ſcience. Tis by this he is led to 
underſtand, and reaſon about, the cauſes of 
diſeaſes ; and to form proper indications for 
the removal of them. By attending to the 
various ſtates of the atmoſphere, for ex- 
ample, he is enabled to account for and 
relieve, a variety of N that may 
chance to occur; in the courſe of a diſeaſe, _ 
but which would puzzle and miſlead oe 
unacquainted with theſe matters: It is. 
this, chiefly, that diſtinguiſhes the ſcientific 
and regular practitioner from the empyric. 
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It is to be lamented however that they 
who have not had ſuch an education are 
in general. but little acquainted with the 
principles of natural philoſophy. For want 
of knowing what branches of it are neceſſary 
for their purpoſe, there are ſome who en- 
counter the whole of the ſcience, and thus 
are either deterred by the formidable bulk 
of the matter, from entering on the ſtudy 
at all, or, conceiving it to be of little or no. 
uſe in their profeſſion, conclude that the 
advantages to be derived from it will not 
compenſate for the time and trouble they 
muſt neceffarily employ in acquiring it. 
The latter objection particularly affects 
ſtudents in the pharmaceutical line, who, 
having generally other employment, have 
but little leiſure for ſuch purſuits. If ſuch 
get acquainted with only the uſeful branches 
of philoſophy, it is as much as can be ex · 
pected from them. 

My deſign therefore in the following 
work ĩs to treat of thoſe parts of philoſophy 


_ » Which are connected with phyſic; and I 


ſhall endeavour to diſcourſe of them in ſuch 
a manner as that thoſe for whom I write 
may r not "hays much "difficulty in under- 


ſtanding 
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ſtanding me. | Even gentlemen who are 
deſigned for phyſicians, will, tis preſumcd, 
find their advantage. in the peruſal, as it 
will enable them the better to underſtand - 
the lectures of their profeſſors, and prepare 
them for more learned treatiſes on . 

The work Is divided into | thivs pam 

The firſt treats of cHEREMIS TRY; the 
Practical part of which however the reader 
is by no means to expect. At firſt it was 
intended merely to have given the doctrine 
of affinities. But it was afterwards judged 
proper to add the accounts in the preceding 
chapters. If the reader has not already 
ſome knowledge of the chemical opera- 
tions, he would do well to conſult the 
writings of the celebrated M. Macquer 
and M. Baume's excellent manual of che- 
miſtry, in Engliſh, with Mr. Aikin's notes. 

The ſecond part treats of oP TICS, 
ELECTRICITY, and ſuch other ſubjects as 
were judged neceſſary to the deſign of the 
work. But the ſuperfluous parts, even of 
theſe, are not entered upon. In the chap- 
ter on optics,” for example, only ſo much of 
that ſcience is given as is neceſſary to the 
underſtanding of the doctrine of van. 
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In the laſt part it was only intended to 
give ſuch a ſketch of phy/ologyas might be 


ſufficient for ſhewing the connection and 
application of the ſubjects previouſly treated 
of, to the human body. The reader is re- 
ferred for further information in theſe mat- 


ters to the authors who have profeſſedly 


written on this ſcience, on pathology, and 
the other branches of medical theory, 

From this account of the work it will 

eaſily be ſeen that it is intended rather as an 


introduction to, than a compleat treatiſe on 
the ſubjects mentioned; and the Author's 


end will be anſwered if it excites in the 


reader a tate for this uſeful kind of ſtudy. 
If the ſtudent has leiſure, and a laudable 
ambition, he will not only perfect himſelf 
in theſe matters from authors of a ſuperior 
rank, but even acquire a knowledge of thoſe 
parts of philoſophy, which, not being ſo 
immediately neceſſary, are not here diſ- 
courſed of. For it need not be added, that 
an apothecary or ſurgeon, as well as a phy- 


fician, will be more confided in by his 


patients, and be more generally and juſtly 


eſteemed for his ſkill in his pfofeſſion, a as 


his * is more extenſive. 
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INTRODUCTION. 

Brzronz I enter on the ſubjects pro- 
poſed, it may be proper to premiſe the fol - 
lowing particulars. 


All bodies, whether ſolid or fluid, are 
compoſed of partieles too ſmall to be viſible 
to the naked eye. Thus, water is made 
up of ſuch particles. We can divide a given 
quantity of that fluid into ſeveral portions; 
thoſe again into others; each of which may 
again be ſubdivided, and ſo on till the por- 
tions ceaſe to be viſible. The leaſt portions | 


into which it can be divided are called he - 
particles of water. The like may be obſerv- 
| 6a of other bodies. 


| 2. PR 
The particles of ſome bodies are mutually 
attractive. Vou may underſtand the man- 
ner of this, by obſerving what happens 


when | 


xii INTRODUCTION. 


| when two loadſtones are placed near to 


each, the north pole of one being turned 
towards the ſouth pole of the other; for- 


they will draw, or attract one another, and 
by that means ſtick together, and it will 


require ſome force to ſeparate them. In 
like manner the particles of bodies, by rea- 
ſon of their mutual attractions, ſtick or co- | 
here. Some kinds of particles attract one 
another more powerfully than others. 
Thus, the particles of diamond cohere ſo 
ſtrongly that they cannot be ſeparated = ith- 
out a very great force. The particles of lead 
cohere leſs powerfully than thoſe of dia- 
mond, and therefore are more eaſily ſepa- 
rable. The particles of water cohere ſo 
weakly, that their ſeparation i is very eaſily 
ejected. | 

3- 9 

The particles of ſome bodies do not at- 

trac, but are on the contrary mutually re- 


pulſive; that is, they drive each other away. 


Vou may have an idea of this by turning the 
north or ſouth pole of one magnet, to the 


ame pole of the other; for you will find 


that 


INTRODUCTION, lit 
that inſtead of ruſhing together, as before, 


they fly further aſunder. The like is the 
caſe with particles of air, and of ſome other | 


ſubfiznces, 
| The particles of Tag bodies . thoſe 
of others, asthe magnet attracts iron. Thus, 
particles of water attract thoſe of ſugar; 
hence water diſſolves ſugar. The particles 
of acids attract thoſe of alcalis, and hence 
they unite. Particles of different kinds 
attract each other with different degrees of 
force. Thus, particles of ſpirit of wine 
attract thoſe of eſſential oil; but they attract 
particles of water, more than they do thoſe 
of the oil. Alſo ſome kinds of diſſimilar 
particles repel each other; and there are 


other kinds which do not ſeem either to ats 
tract, or repel. | 


W exiſt in 1 different 8 ; 
at leaſt this feems to be*the caſe with moſt 
ſubſtances. Thus, water with an heat ſuf- 
ficiently gentle, is ſolid, as when itis frozen. 
| Wh a er! heat it is e which is the 

a 5 | ſtate 3 
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ſtate in which we moſt uſually obſerve it. 
But ig an heat ſtill greater, it is turned into 
vapour, or even becomes elaſtic like air. It 
may likewiſe be obſerved, that when water 
As, in its /o/id ſtate, its particles attract each 
I other moſt ſtrongly: when in its fluid ſtate, 
very little; and when in its elaſtic ſtate, they 
are, on the contrary, repulſive. The like 
W! _ may be obſerved of oil, of quickſilver, and 
many other ſubſtinces. But different de- 
it grees of heat are required to produce theſe 
J py effects in different bodies, as will be more 
fully ſeen in the courſe of the work. 
C2 Tz 6 Ss 
Bodies gravitate, or tend towards the 
centre of the earth; and the forcewith which 
they gravitate, is in proportion to the quan- 
tity of matter which they contain. Thus, 
| A quart of water contains twice as much 
* matter as a pintof the ſame fluid, and there- 
fore gravitates twice as much; or weighs 
twice as heavy: gravity and e being 
ſynonymous terms. 
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„ 5 Different bodies, or ſubſtances, have dif- 1 
ferent gravities. Thus, a pint ß 
| | ſpirit 
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ſpirit of wine, weighs leſs than a pint abe 
ter, and therefore there is leſs matter in a 
pint of ſpirit, than in a pint of water. Hence 
ſpirit of wine is ſaid to Hacks leſs RY Sra- 
vity than water. 


On the contrary, a RYE of quickflves 
weighs heavier than a pint of water, and 
therefore contains. more matter. Hence 
quickfilver is ſaid to have a greater tpecie 
gravity than water, 


To place it in another light, a pound of 
ſpirit of wine is greater in bulk than a 
pound of water ; and a pound of water is 


greater in bulk than a pound of quickſilver. 


Or there is an equal quantity of matter in 
a pound of ſpirit of wine, a pound of water, 
and a pound of quickfilver ; but it is con- 
tained under greater or leſs bulk in one f 
theſe ſubſtances, than another. Thus alſo, 
a pound of wool may be comprized in 2 
greater or leſs bulk, according as it is more 
or leſs preſſed together; but whether the 
bulk be greater or leſs, the weight, or real 
quantity of the wool is the ſame, ; 
\ 8. 

When the ſame quantity of matter is con- 

tained under a greater bulk, the body is 
I 0 
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laid to be rare; when in a leſſer, denſe. 
Thus, ſpirit of wine is rarer than water; 
but quickfilver denſer. - . 


Bodies will keep above thoſe a are ho 
ſer than themſelves, provided the latter be 
fluid ; but fink in ſuch as are rarer. Thus, 


a cork floats upon oil; but lead ſinks be- 
neath it. Oil ſwims on the ſurfaceof water; 
| quickfilver falls to the bottom, | 


1. 


op. 9. 1 
When a body is capable of being raiſed 


into vapour by heat, it is ſaid to be volatile :, 


when it cannot be thus raiſed, it is ſaid to 


be fred. Thus, ſpirit of wine is eaſily diſ- 


fipated in vapour, and thence is faid to be 
volatile: earth, not being capable of _ 
is ſaid to be a | 


80 ſpirit of wine is ſaid to be more volatile 
than water, becauſe it is diſſipated with leſs 
heat. Oil of vitriol is faid to be more fixed a 
than water, becauſe a greater heat is required 


to raiſe it into vapour. 6 
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SECTION 1. 


TT has been cuſtomary with writers.c on * 1 
art to begin their diſcourſes with an account < 

of the chemical principles. Of theſe princi- 

ples, they ſay, all bodies are compoſed and 

into them are capable of being again reſolved. 

The old chemiſts reckoned five principles, viz. 

ſpirit, ſalt, oil, water, and earth. Later authors 

have added air; and ſome others: and different 

writers have varied them, either according 8 

their own fancies, or the philoſophy of the day. 
The doctrine of the four Ariſtotelian elements, X 
earth, water, fire, and air, has, of late years 

been reviyed, and admitted by very eminent” 

chemiſts. Earth, in particular, has been con- 

ſidered as a principle by all writers on this ſubject. | 

But ſalts, and oils are-known to be compounds __ 

of Tara wk and probably the like holds 
good alſo with the reſt. For theſe, and other 

reaſons we ſhall not enter on the ſubject of prin- g 

ciples; and in the following chapters it is merely 

took to give the reader ideas of ſome of thoſe 

ee | B / chemical 
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chemical ſubſtances with which he may be ſup- 
Pole. n not to be ſo well acquainted. 
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AT ER -ſo-well knowa, 
and with many of the properties of 
which we are ſo welt acquainted: from common 


experience, that much wiil not be . Be to 
be ſaid concerning wn” 
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I is tranſparent when pure, andwihour 5 
taſte, ſmell, or colour. 


With a certain degree of cold it is, converted 
into an hard, or ſolid ſubſtance called ice, and 
with ſufficient heat it is turned into Vapour. 


; as & 


Water is a _ general ſolvent. Salts of all 
kinds are diſſolved by it, ſome in greater, others 
in leſs proportion; ſome more readily, others 
more flowly; and with the aid of heat, the ſolu- 
, tion is not only effected in leſs time, but in greater 
portion than otherwiſe. Pure gums, and mucil- 
lages are likewiſe diflolved by this liquid. Many 
ſubſtances which it cannot diſſolve intirely, it can 
| yet diſſolve in part, as vegetable, animal, and 
many of the mineral ſubſtances. | 8 


Water cannot be compreſſed! into IeGer dimen- 


/ fions than i: naturally eee its comprel- 
. 8 c ſibility 
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ſibility is ſo very little, that it; needs not be here 
conſidered, being as nothing. when compared to 
the compreſſibility of air 3 does it, like 
air, expand 0 650 a force compreſſing, i it is re- 


| moved. 


. 


Þ nn WH animal, and moſt f _ mineral, 
ſubſtances; contain, water whep. 1 in their natural. 
ſtares; by, fag, the, greater, part Of. the blood and 
Juices of the two former is mere water. In ſalts. 
and many other ſubſtances, wateris Ds opt; 


as a neceſſary ingredient. 
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Water is R moſt has 
nor in ts Algid, form, but in a ſtate; of combina- 
tion forming a ſolid, body. What, for example, 


bedütüled, without, any addition, in a retort, "y 

veſt . quantity of water may be obtained. The, | 
like: may be obſerved of tie horns, and bones of 
animals; of lime ſtones; and many other, ſub⸗ 

ſtances. The water being cbemically-combined; 

withithe other principles of theſe bodies, loft its 

fluid; and aſſumed a ſolid form. But when the 

union between theſe W was e ee 
the water realſumed ars-fluidity:. 


As the, greateſt, part of animal bus is. mere 
water, animal food muſt alſo contain this liquid 8 
inigreat proportion. Not to mention the liquids 
which we uſually drink, the ſtrongeſt of which 


are almoſt entirely Water, the moſt ſolid of our 
3 B 2 aliment 
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the diſtillation of animal ande eue ſublkances, 
which make up almoſt the whole of our folid food. 


Water cannot be obtained pure, REL it 
will neceſſarily diffolve many particles of the va- 
rious ſoils through which it paſſes. Hence the 
difference between river and ſpring waters, mine- 
ral waters, ſea waters, &c. The' pureſt of all 
is rain water. But for nice chemical SINE 
water is diſtilled. n 


When water is ſufficiently heated i it boils” The 
bubbles which then ariſe in it are water rendered 
elaſtic or turned into a kind of air, as will be 
ſhewn hereafter. If the prefſure of the air be 
leſſened or removed, the water boils with-a lefs 
heat; but if the preſſure of the air be increaſed, 
a greater heat is required to make it boil than 
otherwiſe. It is remarkable, that after water 
boils, it cannot be rendered hotter by encreaſing 
the heat. When water changes from a ſolid 
ſtate, or ice, to a liquid form, cold is generated; 
and the like happens when it changes from a 
fluid to an elaſtic, or vapoury ſtate; and heat 
is produced in the contrary caſes. What has 
been ſaid of water in this paragraph, holds good 
with oil, quickſilver, and other ſubſtances. But 
theſe things will be better underſtood after ſome 
other matters have been explained, wherefore 1 


thall not at preſent yg on them. 
7 CHA P- 
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I earth we do not mean, with the vulga, 
| oil,” 'or dirt; theſe being mixrures of earth, 


water, oil, ſalts, and other matters. The earth - - 


'of bent! is that ſubſtance which remains after 
all the other Principles are n from a body 
Dy heat, \ 2949 2027 237% 1 Ack «oF 


1 


I a leaf be carefully burnt, the FOO Kite, 
An. and other principles of Which it is compoſed, 
will be diſſipated. But be earth, reſiſting the 
force of fire? will remain behind, Mill retaining 
the ſhape of the leaf; and therefore may alfo be 
ſaid to be the baſis of theſe other principles; by 
means of which they were the better enabled to 
_— the form into which they were _— 


3 The 1 character * —_] is, that i i 4s 


fixed, or incapable of being raiſed into vapour 
by any heat that we can apply. Some carths 
cannot even be rendered fluid by our fires, but 
retain their dry form in the malt intenſe heat. By 
heat they are capable of being turned into glaſs, - 
either alone, or by. fuſion with fixed alcalis. 


Philoſophers reach that there is but one kind 10 
of pure earth; which they therefore look upon 
as a principle; and call it elementary earth.” All 
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6 CHE MIS TRY. 
the various earths which we are acquainted with, 
they conſider only as pure earth adulterated with 
other principles; andi imagine, that according 
to the ſubſtances with which it is alloyed, it 


forms earths of different kinds. Theſe alloys, 
they add, are ſo intimately. combined "II 
earth, that they cannot be wholly ſeparated & 
tit by. any methods that we. are yet acquainted 


with; MART W Fes be obrained 


Pure. 
kw * 4 - C33 3 $&S + . # 4 


— 4 


It is, vets ſufficient for our 1 pf 
conſider earths in thoſe ſtates in which we uſually 
obtain them. For whether their differences be 
original, or accidental, they have diſtinct and 
ſpecific properties; and therefore ought to * 
ee as different ſubſtances. 


1. 
CRYSTALLINE EARTH, | 


une have given this name to diamonds, 
flints, cryſtal, and other hard, tranſparent, and 
infuſible ſtones ; which are only earth in a ſolid 
or cryſtalline form: They are known from 


4 others by their property of ftriking fire with feel. 


They are neither ſoluble in acids, nor fuſible 
*by fire. When mixed with alcaline falts, and 
expoſed to in intenſe heat, they melt into glaſs. 


Could they be fuſed without ſuch addition, the 


glaſs which they would form, would be much 
er chan ag that art Ny. yet produced. 


= hw CALESTSOVE 


CANMISAED 7 


„ i Da. e eiiien 
. .CALCARE'OU'S. IARTH. 

Quick II is pure calcareous earth. It is 
obfainable from lime-ſtones, chalk, the ſhells of 
animals, marble, and ſome other ſubſtances, 
by calcination, or expelling their other princi- l 
ples by heat. It is infuſible by our fires. In its 
natural ſtate (as in chalk, the common abſorbent 
or teſtaceous powders, &c.) it is combined with 
fixed air, and is then called mild calcareous earth. 
In its ſtate of quicklime, it is freed from fixed 
air, and is then ſaid to be cauſtic. _ 


This earth is diſtinguiſhable from Stn by 
its property of becoming quicklime,on expelling 
arte cnt rs. or other methods. 


It is likewiſe ſoluble i in water, in its can 
ſtate, and then forms lime water. In its mild 
ſtate, it is not ſoluble. 


It is diſſolved by acids, either in its tnild or 
cauſtic ſtate. If in its mild ſtate, it efferveſces; 
the fixed air, which is ſet free by the acid, raifing 
the liquid iato a froth as it eſcapes. In its cauſtic 
ſtate it cannot efferveſce, becauſe it contains no 
air to be extricated by the acids ; the ſolutions 
therefore are exactly the ſame, whether cauſtic, 
or mild calcareous earth be uſed; the air, which 

conſtituted rhe difference between them, being 
expelled and dillipered when the I; "I 


employed. 
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8 CH EMIS TRV. 


It neutralizes acids, and with vitriolic acid, 
it forms ſelenitis, or Naa of paris. | 


It expels volatile alcali from acids; and unites 
with ſulphur; forming a Finger hepar ſulphuris. 


. 
MAGNESIA. 

Lx calcareous earth, it may be had Scher 
in a mild, or cauſtic ſtate, according as it is com- 
bined with, or free from fixed air. It may be 
obtained from Epſom, and ſome other ſalts, 
either by precipitation with an alcali, or by cal- 
cination, by which the acid is expelled, 1 


It may be known from calcareous earth, by i its 
forming ſal catharticus amarus, with vitriolic 
acid; which is eaſily ſoluble in water; whereas 
calcareous earth forms with the ſame acid ſelenitis, 
which is inſoluble in water, or ſo little ſoluble, 


= not in this caſe to be conſidered. wot 


bs "2 may be precipitated from acids by volatile 
alcali. 64 eee 


4 


It has leſs ſpecific gravity ek calcareous 


earth, eſpecially hem in ep e * 9 90 


WES. 
ARGILLACEOUS | EARTH. 


lc i is contained in clay, and may be Wet 
by the vitriolic acid, with 4 it forms allum. 


e 
\ 


2 


* * 5 


EHEMUIS RY 3 
It may alſo be precipitated from allum by fixt 
or volatile alcali ; and as this is the method by 


which it is uſually obtained pure, it is ae.called 
earth of allum. 


52 4417 0 Xa; 
in Glablein ores acids: Hue its: 1 . 


allum with the vitriolic is alone ſufficient to 
diſtinguiſh it trom other e 


3 


. , . * 9 
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METALLIC EARTHS.. 


1341 * 


The ſubſtances remaining after the lai 
of metals are called by this name. Thus, mi- 
nium, ruſt of ſteel, - and mercurius calcinatus, 


are metallic earths., Ba 


2 They have this rexturkable ad babe 
property, that when faſed with charcoal, 

other inflammable matter, they become ee 
Thus minium, treatèd in this manner, becomes 
lead; and mercurius calcinatus, quickſilver, 
This is called reviving them. By theſe means 
they may be known one from another, as well 
as in general from other earths. They may alſo 
be Age e by other methods. e 


Ein e CALX OF COPPER, | en, 


_ Combined with vitriolic acid, forms bloc 
vitriol. . N 
ALX OF mox, 
Combigel wich Long ne acid, forms green. 
arten 


4 


CALX 


zo Kanter 


a e nen or LEAD, 
„embed uch vegetable acid, end bach. 
rum ſaturni. This cal is alſo doluble in we” 


CALX OF MERCURY, 
Combined with nitrous acid, forms lonar 
cryſtal, or e e 


CALX or 21NC *, 

Combined with vitriolic acid, forms white 
vitriol: and ſo of others. They may alſo be 
characterized by their colour, and other ſenſible 
qualities, but the reviving them is frequently 


che moſt eligible method of diſcovering them. 


The metallic earths, or calces, uſually contain 
fixed or otftr air; which the phlogiſton, by 
which they are revived, 'expels. 


| ANIMAL AND, VEGETABLE EARTHS, 
On the aſhes of animal and vegetable ſub. 
. freed from their alcaline ſalts. 


Theſe are various, according to the nature of 
the ſubjects from which they are obtained. Thus 
ſome animal earths are calcarious; others not. 
Some are more eaſy of fuſion; others leſs; and 
- the; like is the caſe with vegetable earths. 


It would take up too much room to enumerate 


their different kinds; and much more the various 


other ſpecies of earth, mentioned by chemical 
writers; 3 


„ Calamine, Tutty, &c. are calces of zinc. 


* 


6 A 


£AEMISTRY. un 
writers; many of which are anly,copmpounds:of 
thoſe which, have been mentioned. What has 
been ſaid on this ſuhject is amply e | 
be pſa er Wont rented © 
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PE © . 01 or SALTS. #41 * f R 77 


Alrs are * . 19 — talbe, are e foluble 


| in water, and, for the moſt Part, incom- 
buſtible. 


a2 Nr 
They are ee into acid, alcaline, and 
neutral; of each of which I ſhall ah a bar 70 
rate- EL oe? Wo Yo e, 


* 4 * * 17 F . p 
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of Acid SALTS.” to iet 


Theſe are known from other ſubſtances by 


2 their pur taſte, and by their changing ſyrup of 
violers, or other blue vegetable infuſions d. 
When mixed either with one another, with alca- 8 
line ſalts, wich metals which they can diſſol ve. 
or with water, they produce heat; with ice or 
ſnow, cold. They coagulate animal fluids ; < 
1 they powerfully attract water, inſomuch that in 
the pureſt ſtate in which we commonly uſe them 
they are combined with that fluid. Thus oil 
of vitriol is not pure vitriolic acid, but that acid 
and Water. [Fhey have à ſtrong tendency to 
paite with many other ſubſtances; as alcaline 
a | ſalts, 


\ 


— 


— 


„ cnEMIST Rv. 
ſalts, earths, metals, animal and vegetable ſub- 
ſtances, Sc. For this reaſon' they are never 
found pure, but combined with ſome of theſe 
ſubſtances, from which they are obtainable by art. 
Thus, oil of vitriol is obtained from copperas ; 
and vinegar from fermented vegetables. They 
are volatile, and reſiſt putrefaction; they are 
uſually divided into four kinds. 
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ws + | THE vITRIoLIC ACID, , 


or oh which is es 8 copperas | by . 
diſtillation, from ſulphur by burning, and from 
other ſubſtances. Thus, oil of vitriol, and 
ſpirit of ſulphur by the bell, are vitriolic acid, 
or rather that acid combined with water, 


It is diſtinguiſhable from other acids by the 
following properties : it has a ſtronger affinity 
_ to alcaline ſalts and earths than the other three 
ny ©— acids, and therefore diſlodges them from thoſe 
1 | wie but cannot be das by them. 
1 EY k W 
When ol; it excites a e — 4 
of heat with vater, than any other acid. 


11 . not Comms like the nitrous, or marine 
de, nor en it ther colour or _— if pure. 


= og With 


CHEMTSFRY. of 
"With fixed vegetable- alcali it fwd 3 views: 


lated tartar ;” with folfil alcali; Glauber's ſalt; 


with argillaceouscarth, allum;'with'calx of iron, 


copper, or zinc green, blue, or White! vitriol Þ 
with calcareous earth, ſelenitis; and with: mag · 


neſia, Epſom ſalt: It is 225 fixed than the 


Nen, 


other three acids. 
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NITROUS ACID, | | 


„ 


"Or that obtained from: ſaltpetre: Thus Glau- 
ber” s, ſpirit of nitre, and aqua dri. are nitrous 
acids, Ai ed 1 in Water. It : 5138 2 1 


It may be known. by . Nd Gs 2 
fumes when it yields them, and by the greater 
| degree of cold which! it generates with ice or 
\ſnow, than the other acids: When concentrated, 
12 — flam being poured on eſſential olls, 
With fixed alcalis it forms nitres, which may be 
known from all other neutral ſalts, by their pro- 
perty of deflagrating * with any inflammable mat- 
ter, in a ſufficient degree of heat; and with 
volatile alcali, it forms a ſalt which detonates 


4 - 


$*. +5 


in a proper degree of heat without the addition 


9 
19. ene 401316 1011461404 


of any inflammable matter. It is diſplaced from 


alcalis by the vitriolic, but not by the other 


two acids; but it attracts phlogiſton. more 
ſtrongly than either of them. It i 15 capable * 


exiſting | in the form of air. 
3. MARINE, 


„  GSHEMISTRY: 


Ter 205 20101 11 175 31 321d. 223 12% 'N 112: 70 


£3141 © MARINER OL, MURIATIC; ACID... 
Spie af ſeatſalt is What we underſtand  byy 
theſe: terms; it e e te ns 
eine, bun N LON E 
When concentrated it is 1 than the vi- 
triolic or nitrous acids; of a yellow or ſtraw⸗ 
colour, and emits white fumes. It attracts me- 


tals more ſtrongly than other acids; with the 
| alcali it forms common ſalt, and with vo- 


alcalis by the vitriolie and nitrous, but not by 
the vegetable acid; it is obtainable in a ſepa- 
rate. ſtate in the form, of - 2 


101575 410 1911 7 
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8 Prora ed. 

5 Fw moſt commonly underſtood by this 

e it s — from 9 by fer- 
Wes concentrated, that is, when diſtilled 

from verdegris, or from ſal diureticus, or ſugar 

of lead, by means of the vitriolic acid, or other- 
miſe! it emits a moſt pungent ſmell. 


Iris dillodged from alcalis by al the de 


with lead; ſaccharum ſaturni. | 


latilè alcali ſaEammoniac; it is diſlodged! from 


acids; with fixed alcali, it forms diu- 
retic ſalts; with: copper, cryſtals of Venus; and . 


> N * » "©. 6 
ff & 34 | Lemon- 


CHEMISTRY. rg 


8 Bend Ne cream of tartar, juice of ſorvel; 
and others, are alſo vegetable acids they are 
for che moſt part wealder that vigegar, that/is} 
are diſlodged by it from alcalis. Crsam of 
tartar forms Rochelle ſalt with foſſil alcali, and 
ſoluble tartar with fixed vegetable alcali; neither 
of which can be obtained by uſing vinegar. 
Cream of tartar is alſo in a ſolid ſtat, contrasy 
to the ather acids: all which attragt water ſo 
Le e be _— ien dne 


form. 22 2 . T's ” #34 


| I I a ed a Pons 
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THE VOLATILE VITRIOLIC ACID, alx 
Or aqua ſulphurata of the London pharma- 
copœia, made by impregnating the vapours of 
ſpirit of vitriol with the fumes of ſome inflam- 
mable ſubſtance, or rather with phlogiſton. 
It has a very Cuffoeating-ſmel), and is' diffi. 
cultly concentrated; it is diſlodged from alcalis 
by the vitriohc, nitrous, and marine acids; but 
the ſalts which it forms with thoſe alcalis may, 
by expoſing them to a, gentle, but continued 
heat, be brought to the ſame, ſtate. as thoſe 
formed by the common vitnolic acid with the 
ſame alcalis; and the like is the caſe with the 
acid itſelf. The acid is cagable of being ob- 
oy il \ 
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cell! it recompoſes borax. 
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16 ; CHEMISTRY. 


rained from the water by heat, in the form of A 
permanently elaſtic vapour, or air. It may be 
ſaid to be the vitriolic acid volatilized by 
e K 


6. f 
5 THE. PHOSPHORIC. acid. SIN 
+ Phoſphards is a compound of phlogiſton 155 
aca If the phoſphorus be burnt, the acid 
remains behind, as is the caſe with ſulphur: 
It may alſo be obtained by diſtillation, from the 
fuſible ſalt of urine; and by other means. | 


"7 


It is the moſt fixed of any of the acids; for 
it may not only be evaporated to dryneſs, but 
will bear an heut capable of turning it into 
glaſs. ; | 

| Diſtilled wich 3 or 8 proper in- 
facnmable matter, it becomes phoſphorus. 


„ # © 
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een N04. 
This is not a ſimple acid, but a ** of 


| he nitrous, and marine; it is diſtinguiſhable 
from others by its property of diſſolving gold. 


SEDATIVE salr, 
Or the acid of borax, and which may be ob- 


tained from it by diſtillation with oil of vitriol. 


Tris ſolid, and vicrifiable ; - with the foſſil al. 


», 


The 


CHEMISTRY. | nm 
The other acids are, the acid of amber, of 

f his of animal fat, of the Swediſh fluor, of fugar, 
and ſome others*. But thoſe already diſcourſed * 
of are more than ſufficient to the purpoſe: of 2 
this work. Fixed air is alſo juſtly reckoned by — * 
the i ingenious Mr. Bewly aa, among che 10 
acids. 

wack It. 
OF ALCALINE SALTS. | 
The moſt diſtinguiſhing characteriſtics of al- 
calis, are their acrid urinous taſte ; their turn- 

/ ing blue vegetable infuſions green, and their 
uniting with, and deſtroying the ſour taſte of | a 
acids. They are likewiſe capable of uniting with 1 
other ſubſtances: Thus, with oil they form 
ſoap; and with ſulphur, hepar ſulphuris. When 
combined with fixed air, or in their mild ſtate, 

they cauſe efferveſcence with acids, and are 
capable of cryſtallization; but not in their 
cauſtic one. They are, like acids, obtainable by 
art, from the ſubſtances which contain them. 
See alſo the cloſe of this article. 1 


% , DO 1 
I. FIXED VEGETABLE ALICA II. 
. 8 „„ 1 . 1 | f 
It is made by burning land plants to aſhes, in an 8 


1 


open fire, pouring water on the aſhes to diſſolve 
the ſalts, then filtering and evaporating the ſo- 
lution to dryneſs; the alcali remains behind. 
Thus, ſalt of tartar, ſalt of wormwood, pearl 
en, and the like, are fixed vegetable. alcalis. | 


FF - * MW; 


Weed e Bergman's Tables, 


3 — — 2 — . 
— — — > > — 


— a Wer — in * — 3 — — A 
* 1 — n — — 
4 = hn Y = _ S a * — — 
CW n — a DEANS 2 — gh, Is - 233 EE SED — 
. — 7 1 
- n *.- 3 2 FER . = — - 2 4 — 4 = „ 
a vgs G T8 2 r u *, p ” / ” l 7 
— : : : N . l . — ; YI 
1 ram a " — —— ys te. EO PT 1 2 2 : Þ 
* mh — 8 8 r — — « py ran 4 - bd — 
* — —— — „ een = W 1 . * ke Cs P — 2 
— — — ne — gs a __ — yrs 3 
- . — ——— Þ a * 9 . wh 2 
4 5 p 
- 
* ry : 


N 
— ge . 
TT. 9546. / 2 „ 
p n 


„ CHEMISTRY. 


It attracts acids ſtronger than volatile aleali, 
earths,. or metals; it therefore diſplaces thoſe 
Gbſtances, bus: cannot. be diſlodged by them. 


lt is capable of converting earths wot" other- 


wiſe fuſthle,. i into glaſs: by heat; and promotes 


the fuſion and werner of others. 


In its eauſtic ſtate, it diſſolves vegetable ine * 
animal ſubſtances; and with expreſſed. oil forms 
common ſoap. It is not volatile. 


With vitriolic acid it forms vitriolated tartar; 
and with the nitrous acid, nitre. - © 


It aunsgde water from the 4e n thereby 
becomes nen 4255: 1 


* 


Tc 2. Ido ossi aral, 
Called alſo natron, and ſal ſodæ. It i is ob+ 
tained from ſea · plants, in the ſame manner as the 
other is from land ones. It may alſo. be ex- 
tracted from. common ſalt, Glauber's ſalt, and 
borax; and in ſome parts is found in its na- 


tural ſtare. Kelp and barilla are foſſil alcalis. 


It differs from the vegetable alcali in ſeveral 
reſpetts : I: does not liquify in the air; it forms 
different ſalts with acids; thus, with the vi- 


*rriolic i it forms, not vitriolated tartar, but Glau- 
ber's ſalt. With marine acid, it forms common 


or ſea-ſalt; and with the nitrous, nitrum cu 
Neum. It is not volatile. 


3. VOLATILE 


GeunniSTRY = Yu 


5 3. VOLATILE ALCALT 


This is obtained, by diſtillation, from anitnal, 
and foe vegetable ſubſtances, eſpecially when 
putrid; and likewiſe from ſal ammoniac by the 
addition of fixed alcali; or calcareous. earth, 
_ Volatile ſal ammoniac, and ſalt of hartſhorn, are 
volatile alcalis; ſpirit of hartſhprn, ſpirit af 


ſal ammoniac, hire of urine, &c. are volatile 
alcalis diſſolved i in water. 55 5 , 


de eee geber chic Men 


id; it is diſplaced by them from acids, and 85 
alfo by een Gare. - $f 


It is wolatile, and has 3 
ſmell. With nitrous acid it forms a ſalt which 


detonates by itſelf in a LAI Fes of un 
n e | 


With marine ood. it Fe common fal am- 
moniac, It precipitates magnets, © earth of alum, 
and metallic calces from acids. Dt" 


1 may beqbtaiped from Fen Se _ 
it is combined in the form of a, permanently | 


elaſtic air; and if water be preſented to this air, 
it preſently abſorbs it, and thereby becomes the 


ſame cauſtic liquid alcali as that obtained from - 
ſal ammoniac with quicklime. 


n REMARKS 


„% COHEMISTRY: 
REMARKS ON ALCALIS. - 


All theſe alcalis in their natural ſtate are not 
pure, but mild, or combined with fixed air. 
Hence, when they are mixed with acids, they 
coſe an efferveſcence; which is nothing more 
than this air extricated from them by the acid, 
railing bubbles as it eſcapes through the liquid. 
If quicklime be mixed with them, it attracts the 
fixed air, and they then become cauſtic, or pure. 
Thus, the lixivium ſaponarium is the cauſtic 
fixed alcali, and the ſpirit of ſal ammoniac, made 
with lime, is the cauſtic volatile alcali. Cauſtic 
alcalis violently attract water. Hence they arc 
uſually in a liquid ſtate; but they may be ob- 
tained ſeparate from the water. Thus lapis 
infernalis is the dry cauſtic fixed alcali; and 

alcaline air is the dry cauſtic volatile alcali. The 
cauſtic alcalis form the ſame neutral ſalts with 
acids as the mild ones; the air copy. When 
the latter are ae ne * 5 


_— 


— - Volatile leak contains more of Sk 1 
principle than the fixed. Hence it is, that it 
detonates with nitrous acid, when united i in n tie 
born of nitrous fal ammoniac. " 


-_ 


3. NEUTRAL 
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CHEMISTRY. 
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3. 


NEUTRAL SALTS. 


They are formed by combining acids with 
* or earths, as in the following Table: 


ö . rn © cars WU 
7 e . nag | T "Ia 
| Acid. We ; Tartar, 
Ir : r Nhe Digeſtiv. Sal Diuretit. Tart. Solub. 

Nr Sal Glaub. litr, Cubic. Sal Comm | : al Saignet. 
: » i} Sal Au. al Ammon. Sal Amm. n 
| [Volatile Aleaf . Vitnelie. Nitros, | Commun. Sp. Minder 
8 — 
| Earth, 
1 — 
5 | Mak! | 

Q |. 7 

Þ4 

— 0 Argillaceous 
8 Earth. 

< |. 

5 Calx of Iron. 


3 _—_ 


Regulus of 
Antimony. 


tes ena] Galt in the able is formed of the 
acid at the top of the column, and ot the alcali, 


; 91 earth 
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on the left hand. 
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Thus, marine acid 
and 
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22 CHEMISTRY. 
and foſſil alcali, form common ſalt: nitrous acid 
and fixed vegetable alcali, nitre: and ſo of others. 


The alcali, orearth of a ſalt; is called its baſis 3 
thus, volatile alcali is the baſis of ſal ammoniac ; 
and magneſia is the baſis of Epſom ſalt. | 


_ The phoſphoric, and other acidg, alſo form 


| falts with alcalis and earths. But as they are not 


in uſe, I have not inſerted them. Many of the 
ſpaces in the table are left vacant for the ſame 
reaſon; and ſomeof thoſe that e b ed 
have been omitted. 


Neutral ſalts are uſually divided into neutral, 


 eatthy, and metallic, according to their baſes. 


From moſt of the two latter kinds, the acids 


_ may be expelled by. heat.. But in thoſe with al- 


caline baſes this does not happen, or not ſo eaſily. 
IF reaſon that their principles are held yogether 
by ſtronger attractions. 


The ſalts with . 97 baſes are vola · 


tile; at leaſt much more ſo than the others. 


Neutral ſalts are for the moſt part capable of 
* cryſtallized but the form of the cryſtals 
in — ſalt is different, In their cryſtalline ſtate 


they contain a portion of. water, which indeed 


is neceſſary to their cryſtallization. Hence they 
ate ſtronger when this water is evaporated, and 
-they are 2 dere Uifculf of fuſion,” & Bir 


T : 175 a 4 
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. VITRIQLATED, TARTAR- 
ae is compoſed of vitriolic aid. and fixed 
vegetable alcali, remains dry in the air, ant 
requires a great quantity of water to diſſolve ix. 
It decrepitates in the fire; is very difficult of 
fuſion; is not ſoluble in ſpirit of wine; and its 
cryſtals are, for the maſt part, hexagonal priſms. 
Its taſte is bitteriſh, and aot very powerful. It 


cannot be decompoſed by alcalis, nor, in the 


uſual way, . Fuſed Aa -n = 
PI. 


H  GLavBRR* $ SALT, 


br compound of vitriolic acid and fe 


alkali. It dries into a white powder in the air; 
is ſoluble in- an equal weight of water, and-is 
caſily fuſible. Its taſte is ſomewhat like common 
ſalt, but more bitter, and its cryſtals are hexa- 


gonal. It is not capable of being decompoſet 


by alcalis, or by acids in the uſual way. It yields 
_ ſulphur, being fuſed with charcoal. 
is 3. TEE; | 
NITRE, 
It is compoſed of nitrous acid, and fixed vege- 


table alcali. It deflagrates with inflammable 


23 


12 


matter in a ſufficient degree of heat; is capable 


of being decompoſed by vitriolic acid, when it 

emits red fumes; is eaſily fuſible; has a ſharp 

diting be gh its are e 

Fame s eee eee 

* | [ 4 4. CUBIC 
4 
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_ 5 You 
FF : CUBIC NITRE. 


8.7 its cryſtals, _ are * 
scene br 

av 3 marine acid, and foſſil alcali. 
It is capable of being decompoſed by vitriolic 
acid, when it emits white fumes. The nitrous 
acid like wiſe decompoſes it. It is ſoluble in about 
an equal quantity of water, which diſſolves as 
much of it when cold as by the aſſiſtance of heat. 
Its cryſtals are cubic, and very ſmall. It de- 
crepitates in the fire, and is difficult of fuſion, 
Its taſte is well known, 1 it nn — 4 
in e 8 


* 


— 
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e 
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Pu Y 
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2 rene 8 
my I. 2 
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e 1s eee 
sal, Dioksrv us,, 

Differs but little from common al. Its taſte 
is leſs agreeable; and with vitriolic acid, it forms 
vitriolated tartar; whereas common ſalt forms 
with the ſame acid, ſal Glauberi. 


4452 841 DIURETICUS. i Vos ty 
11 is compoſed of the Fans 0's and fixed 
ed alcali. l 


4 6 #4. 4 


EE 575 ſoluble in irt of wine, 20 * very 9 
fo in water. It may be decompoſed by heat, 
| end wk the viel, ben, and marine acids, 

Made 4 vic 
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with which it forms tart. vitr, nitre, and digeſ- 
tive ſalt. It deliquiates in the air, and unites 
with gums and roſins. 

8. 
ROCHEL SALT, pa 

Is compoſed of foſſil alcali, and cream of tar- 
tar, It is not deliquiſent like the preceding 
ſalt. It may be decompoſed by the mineral, 
and even vegetable acids; and if they are added 
to this ſalt, diſſolved in water, the cream 161 
tartar will be I, per e 

1 
- SOLUBLE TARTAR. 
5 1. is a compound of cream of tartar and fixed 
vegetable alcali. Beſides its being leſs ſubject to 
cryſtallize, and to remain dry in the air, it 
may be known from Rochel ſalt, by the ſalts 
which it forms with vitriolic and other acids. 


Thus the vitriolic acid forms vitriolated tartar 
with this ſalt, and ſal Glauheri with the Rochel. 


10. 
VITRIOLIC SAL AMMONTAC, 
1s compoled of vitriolic acid, and volatile 
- alcali. It js decompoſed by fixed alcalis, and 
EI which preſently diſcover its 
volatile alcaline baſis. N |; 
8 is difficultly Glble in wales and notacall 


I IT, NITROUS 
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— © 4 2 1 36d r 11. 
VVxrndus SAL AMMONTAC. 

It is a compound of nitrous acid and volatile 
alcali. It attracts water from the air; is ſoluble 
in ſpirit of wine, and may be eee by 
fixed alcalis and calcareous earth. X 


It may alſo be decompoſed by viriolic acid, 
when ! it emits-red Turnes, 


It is-. eafily fuſible, and may be bed from 
all other ſalts, by its property of deflagrating i in 
a 23 5 heat, without e. 

ad e . 
*, _ COMMON SAL AMMONIAC, 

Is a compound of marine acid, and volatile 
alcali. Its baſis may be detected by fixed alcalis, 


or calcareous earth, and its acid Wy oil of vitriol, 
in the form of white fumes. 


Ir differs alſo from the virriolie 91 ammoniac | 
in being ſoluble in ſpirit of wine. 


Diſtolved with common ſalt in water, it pro- 
duces cold. It is ae 


[4 ir 41410. wack +: tam Nen FITS 
ag june Sat ammoniic, 

Ir is formed of volatile'alcali;"and' ve getable 
acid. Thus ſpiritus Mindereri is this falt in a 
quid form. But A . nes wal 
Proper Reon 09%: TY „ Snail 
UG RC 2 Its 
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Its alcali may be detected by fixed alcalis, and 
calcareous earths; and its. acid 5 8 the 
mineral acids. 2 1 n. Len 18 


* 29 w „* "LE + 5 
oy $4"... 10 + T 334 
1 
= 


 lrealily deliquiates, and Þ © 


nn 
* 5 
2 * * 


Ws SELENITIS.' © 8 
It ecmpdi of vicialic acid and culehrebus 
earth, and is 2 eee | 
of paris. 
It is diffculely ſoluble in water, alt required 
a very large quantity for that purpoſe. 
Its carthy baſis is precipitated by fixed alcalis. 
But acids do not decompoſe it. Its acid however, 


may be diſcovered by examining the ſalt formed 
by the added fixed alcali, nen 1 dess vitrio- 


nd tarter. 


16. 

SAL Arnd dcn AMARUS, | f 

1s a compound of vitriolic acid, and W 

It is readily ſoluble in water, and in great quan- 
tity. But it is notffuſible, 


Its baſis may be precipitated by volatile alcali, 
as well as by fixed, in which 8. among 
others, it differs from lenitis, and. Ar and from ſalts 
formed by other acid xyith calcarcous.carth...... 


Its acid may be detected by the virriolated | 
tartat which! it forms wich fired wlcali. | ah 
©0002 x6, ALUM: 


Fry Tv} 


CHEMISTRY. 


. o * „ 9 * * — = 
a ky » * . * © 1 1 1 „ * . . . A. 
$33 a © 4 ® ze 4 #3 &% — at of q of i 4 92 4 5 — 
-» * " 
* * xls .f4 7 * a 
a | o 


Hh 211314 $6 © ALUM, 6 oe fied} < ALY 
oy i. formed bf vitriclic acid; and Sus 
earth. It is eaſily fuſible, and diſſolves in about 
four times its weight of water. It has an aſtrin- 
gent taſte, and its en are * ſided pyra- 
mids. 


Its baſis may be rekiiteted by fixed or vola- 
| tile alcali; and its acid may be known by the 
vitriolated tartar which it forms with fixed wege. 
ble. acai. 
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at; 28 ' GREEN VITRIOL: * . : 244 
= kt is compoſed of vitriolic acid and cal of 
: iron; and is alſo called ſalt 7 10 and W ai 


a 


" Tes cryſtals are green, SN and 
rhomboidal. Its acid may be detected by the 
ſalt formed in the addition of fixed vegetable 
alcali, and the baſis precipitated thereby, may 
alſo be i and fliſoovered.. See Sarge 


* 18. ; | * 
BLUE VITRIOL, n 


1s compoſed of vitriolic acid, and calx | of 


copper. Its cryſtals are blue, and their 1 
very acrid and ungrateful. | 0 

Its principles may be ent y e the mean 
directed in the laſt article, 


19. WHITE 


OWEN 19 TE, 29 


e OR 
warts, virrIOL. . . 
x is a a compound of vitriolic acid and calx of 
zinc. Its cryſtals are white and ſmall, reſem- _ 
bling ſugar in appearance. Their taſte aſtrin- 
gent and ſweetiſn. Its e we” be detedied 


Lag” 


as in green vitriol. 28 
„a f 
"Ge sR OF LEAD, 
It is compoſed of acetous acid, and calx 0 
lead. 


er. 44 L343 


It is ally Guluble i in waters of a ſweet aftrin- | 
gent taſte; and its cryſtals are ſmall and white. 


It may be decompoſed by either of the alca- 
line ſalts. Its acid forms diuretic ſalt with fixed 
vegetable alcali, and its precipitated. bafis may 
be detected by e to the N on 
earths. | 


4 | 4 
Se 4 ? 374 Iz I * . 29 1 4 
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ö 21. Fe h . 
MERCURIVS | cokROs Ws VBLIMATUS, | 
It is a compound of marine acid, and calx 
of mercury; it is ſoluble in ſpirit of wine; its 


taſte is nauſeous and braſſy, and it is inis. 
enn een n TIO '7% 


Les s principles may be detected 12 7 alca- 


* * af - „ 


preceding articles. 
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It Nr be tedious, and unneceſſary to the de- 


ſigu ot this work, to go [rough th whole num- 


ber of neutral ſalts capable of being formed by 


acids, atcalis, and earths.” Every ſolution of a 


metal or. earth in an acid may be conſidered in 
this view; being only the ſalt bored by the acid 
and i its baſis, diſſolved in Water; and che num- 
ber of acids and baſes is very great. Thoſe ſalts 
which have been conſidered, are ſufficient to 
give the reader an idea. of neutral falts in ge⸗ 

neral; and, together with what will be ſaid in 
the fohowing chapters, wilt enable him to un- 
derſtand the nature, as well as to diſcover the 


OTE . 


CHAPTER IV, .., 


Hal 31 OF ATR be 

> 3 rhe ori of ar silber au en che 

moſt important branches of medical plit- 
loſophy, it will be neceſſary to enlarge on it. 


Air is a fluid ſurrounding the globe of the 
earth to a very conſiderable 2 N * 
what is called the atmoſphere. © i | 


In. iss uſual ſtate.ir does not Aer eit to 
any of our ſenſes; and hence, with the vulgar, 
air and nothing, are ſynonimous. When it is in 


motion, it is perceptible o the feeling and hear- 
ing; and alſo (by its effects in moving light and 
flexible bodies: ) to abe under the 4 notion 


of wind, 
. If 
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If a bladder be filled with als, it may be-ren- 
dered very obvious > the touch. 755 the hand 
will-find it impoſſible eto com rels the bladder, 
as when 1n its empty ſtate. 0 if you "afttinpe 
to fill a veſſel with water, or any " other fub- 
ſtance,, you will find it impracticable, „ unl 


unleſs 
at che ſame time you let out a proportionable 
quantity of air; as may be obſerved to, great 
advantage in veſſels with narrow necks, Theſe 
are not only proofs of the exiſtence, c of air, but 
alſo of its impenetrability ; - Or Property, in com- 
mon with water, and other bodies, of not ſuf- 
fering any other ſubſtance to poſſeſs the ſpace 
which, it occupies, otherwiſe than * e 
it from that pace. 


Js 


If a bladder filled with air t be weighed with a 
very nice pair of feales, and if it be weighed 
again after the air 'is forced our of i it, it will be 
found lighter than before; and if the bladder 
be very large, the difference of weight will be 
ſeveral grains. From hence it appears, that the 
air is alſo heavy ;. the only difference between 
water and it, in this reſpect is, that water is 
heavier than air; in the lame n manner chat quick- 


filver1 Is heavier than water. ARNE IH 
bits „Das 1 a 


If an almoſt empty bladder, carefully cloſed, 
be pur into the receiver of an air-pump, and 
then the air be gradually withdrawn from the 
receiver, the bladder wilt begin to ſwell, ' and at 


A 


Pg 
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length appear full blown. But if the air be 
again gradually let into the receiver, the blad- 


def will loſe its bulk by N Wa. it deen 
as empty as before. | 


From hence it appears, that the ſame WW" 
tity of air is capable of expanding itſelf into a 
greater bulk than that under which it uſually ex- 
iſts. To underſtand the reaſon of this, it is to be 
obſerved, that the air naturally contained in the 
receiver preſſes upon the bladder on every ſide, 
and thereby compreſſes it into its ſeemingly al- 
moſt empty ſtate. When part of the air in the 
receiver was pumped out, the compreſſion of 
the bladder became leſs than before ; and there- 
fore the air within it was ſuffered to expand 
itſelf, and thereby ſwell the bladder, As more 
air was drawn out, and the preſſure upon. the 
bladder became leſs, the included air had till 

| greater liberty to expand, till at laſt the bladder 
was perfectly diſtended. When the air was again 
let into the receiver, and the compreſſion of the 
bladder began to be increaſed, the included air 
was forced into leſſer bulk. As more air was 
let in, and the preſſure became greater, the in- 
cluded air was forced into ſtill leſs dimenſions, 


till at length the bladder ne, as _y as 
before. | | 


Air 8 naturally * and it is 
kept in its uſual bulk or dimenſions by the 
preſſure of other air incumbent on it; and in 


this 
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this view its elaſticity is alſo called its ſpring. 
A ſteel ſpring, for example, if bent by means 
of four pound weights, continues bent to the 
ſame degree as long as the weights remain 
on it, If one of thoſe weights, be remqyedzjthe 
ſpring in part recovers itſelf, or becomes Jeſs 
bent. If another of the weights be removed, 
it recovers itſelf more; if a third weight be re- 
moved, it recovers itſelf ſtill further; and if the 
fourth be alſo removed, the ſpring will be quite 
unbent, or in its natural ſtate. But if the 
weights be afterwards added in the order chat 
they were taken away, it will again be bent by 
the ſame degrees, till it returns to the ſtate ĩt was 
in before; and will continue in thay es ſtare 
as long as the gp remain on it. 7 x 


| "The air. around us erate is in a com- 
preſſed ſtate, or forced into leſs ſpace than it 
would occupy if it was free. The cauſe of this 
compreſſion will be ſeen when we treat of the 
weight of the air. The e alone is dus une 
for our —— ee . b 


1 ie kd of * or 3 oteper 
| veſſel, tie a piece of bladder or thin parchment, 
ſo that no air may paſs either to or from the 
veſſel; and let it be ſufficiently tight, yet ſo as 
that it may be bent: if you place a weight on 
this cover, you will find that it will be preſſed 
a into an hollow, or below the level of the 
. D brim 


CO” © 
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brim'of the veſſel; and if you add more weights, 
chis will happen in a ſtill greater degree. But 
if the weights be removed, the cover willi return 
to a level with the veſſel's brim, as at firſt. 


Frõm hence it appears, that air is capable of 


| being compreſſed into lefler dimenſion or ſpace 


than that which it uſually poſſeſſes; and that ir 
returns to js wonted bulk, when the compreſ- 
Aing cauſe is removed. Thus, if to the four 
weights, already compreſſing the ſpring in the laſt 
aſe, a fifth ſhould be added, the ſpring will. be 
bent ſtill further than it was before; and if a 
Hirth be added, this will take place in a yet greater 
degree; bur if the two additional weights be re- 
moved, the ſpring will return to the lame ae 
as before * were added. Ma 


Air therefore when compreſſed endeavours, 
ke a ſpring, to recover itſelf; and that endea- 
-vour is ſtronger, as the compreſſing force is 
greater. If a tube be ſtopt at both ends with 

wads of paper, and one of theſe be forced into 
the tube by a rammer, the air between the 
ads will be compreſſed; and in its endeavour 
0 recover itſelf, will force out the paper at the 
«farther end. So if a blown bladder be vio- 
lently compreſſed, the air contained in it, by en- 
deavouring to recover its former dimenſions, will 
burſt the bladder ; and many other inſtances of 
the kind will occur. Thus the phanomena 
: OB.» | of 
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of che air: gun works! on this N of, the 
air , 10 


Squeere wid all "m air out of 4 Viadder 
and cloſe its neck with 4 ſtring ; "if the bladder 
be brought near the fire, it will ſwell; and, if 
the heat be ſufficient; will be puffed up like a 
bladder full blown. Remove the bladder to a 
cold place, it will continually contract in its 
bulk, till it appears as gp as before. 8 


Alſo fill a bladder with air in, 4, watm room, 
or in the dummen, and remove it to a colder 
vou will find that 


os | contrafted in its dimenſions. Reſtore 


_ 


1 


ſummer, it will appear as Þloated as before. 


From hence aa 
tity of air is capable of being expanded, or in- 
creaſed in | bulk by heat, and contracted, or 
_ + leſſened in bulk by cold or, in other words, 
that its elaſtieity or ſpring is incregſed by heat, 
and weakened. by cold. It will be ſhewn here- 
after, that the elaſticity of the ee 
enn n 0 Hiw 2839 2-761 
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Air is a fluid, reaching from the ſurfack to 
many miles above the earth, and encompaſſing 
the whole globe, as hath been amply demon- 
| Arrated by ee, 
| The upper Part of this air is ; expanded into 
its utmoſt or natural bulk. The air next under 
this, is preſſed upon by the weight of that 
above it; and therefore is forced into. Jeſer 
dimenſions than it would have if not thus preſ- 
ſed upon. The air next under theſe will be ſtill 
more preſſed, by reaſon of the weight of both 
the above · mentioned quantities of air on it, and 
therefore will be forced into a bulk ſtill leſs than 
that which 1 is next above it; and in like man- 
ner we may imagine of the air beneath this; 
and ſo on continually, till we arrive at that 
which reſts upon the ſurface of me earth, which 
vill be _ pry rey mer all © 28 

To TRIO bearer he of this matter; ke 
a quantity of wool, and place one lock or fleece 
of it upon the ground, that fleece will be of its 
natural bulk. If upon this fleece you lay ano- 
ther, the upper one will be of its natural bulk; 
but the under one will be compreſſed into leſſer 
dimenſions, by the weight of that which is upon 
it. If a third fleece be added, the under; one 
- will be compreſſed ſtill more, and the ſecond 
will be in the ſame ſtate as that was juſt before. | 

By adding en to the pile, the under- 
| 6 moſt 


” 
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moſt fleeces will be ſtill more prelled upon by 
the increaſed weight of thoſe above, and there-, 
fore be forced into ſtill leſs dimenſions; and. 
thoſe which are nearef{ to the bottom, will * 
compreſſion, | | 


9 


eſe fleeces one by one, 
thoſe which ſucceſſively become uppermoſt will 
recover their natural bulk, and the preſſure 
upon the under ones will alſo become leſs in 
proportion. When they are all removed, that 
which was undermoſt will alſo recover its natural 

dimenſion, or return to the ſame ſtate as OY : 
the experiment. - 24 | 


"The 2 air above preſſes on . Shih is be- 
neath, in like manner as hath been ſnewn 
with regard to the fleeces.of wool, The upper- 
moſt air is expanded | into its natural bulk, and 
that beneath 1s continually more and more com- 
preſſed by the weight of that which is above, 
till we arrive at the earth's ſurface, where the : 
compreſſion i is greateſt of all. 


From hence it appears, that if a bladder bs 
filled with the air at the top of the atmoſphere, 
and brought down from thence towards the 
earth, it will, by reaſon of the continual increaſe 
of . compreſſion, be forced into leſs and leſs di- 
menſions,; and the bladder will therefore ap- 
Wn” .to ) become r more and more an 
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Also if à bladder almoſb empty of airy. ſlicks: 
as it is at the bottom of i the atmoſphere, be can: 
rled upwards, it will ſwell in proportion to the! 
aſcent; by reaſ6n® that? a/ leſs weight is incum 
bent on it than before You may prove both? 
theſe caſes by carrying, a bladder got full 
Hlown from the bottom to the tap, of an hjgh 
mountain, for it will be larger when you arrive 
at the top; and on the contrary, if you filf the* 
bladder at the top of the mountain; it will ap- 
pear to be partly empty when you defcend: to: 
ghe bottom. Thus the bottom fleece of wool, 
if removed higher to the top, will enlarge its 
dimenſions; but if one of the middle fleeces be 
placed at the bottom, its dimenſions will be- 
come leſs. 


If you weigh a bladder partly emptied of air, 
and then by means of heat, or the air- pump 
cauſe the air in ĩt to ſwell or expand, it will not 
weigh heavier than it did before: for the quan- 
tity of air which the bladder contained, was the 
ſame when it appeared full as when it ſeemed 
partly empty. Thus, a fleece of wool in its 
natural ſtate does not weigh heavier than when 
ſqueezed or twiſted up. into an hard ball, the 
quantity of wool being the ſame in both caſes. | 


From hence alſo it is plain, that if a bladder 
pe filled with air as it is in its expanded ſtate at 
the top of the imoſphere, it will not weigh ſo 
heavy 
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heavy as if filled with air at the bottom, becauſe.” 
in the latter caſe a greater quantity of air is con- 
tained ia the ſame bulk. Thus the ſame blad-: 
der filled with wool, put in lightly, will. weigh; 
lighter than if filled with. wool- in, a compreſſed. 
ſtate, Alſo. if the bladder be filled with air, 
any where in the middle of the atmoſphere, it 

will weigh heavier chan if filled. at the top, and. 
lighter than if filled at the bottom z for reaſons. 
which will be obvious from what has been ſaid. 


When the ſame quantiry of air is expanded 
into a greater bulk, it is ſaid to be rare, rarefedy 
expanded, or to have a Jeſs ſpecific gravity, 
When compreſſed } into leſſer dimenſions, it is ſaid” 
to be denſe, condenſad, or to have a greater ſpecific 
gravity, agreeable to what was laid on theſe 
points in the definitions. 


From this general account of: ha Rruftureo 


the armoſphere we may be ITE to reaſon 
concerning its Pn 


I - ſhewed before chan 5 air was 1 ; 
and the comprefed ſtate of the air near the 
earth has alſo. been ſhewn to be an effect of 
this property, Imagine a ſquare to be drawn 
on the ground which: meaſures every way a foot, 
and ſuppoſe a. column of air of the ſame di- 
menſion with this ſquare, reaching from the 
ground to the top of the atmoſphere, it is de- 
roejnſtrared by philoſophers that it would weigh - 


3 2000 
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2000 pounds. The whole ſurface of the earth 
contains 3547 800000000000 of ſuch ſquare. 
feet, and therefore the preſſure or weight of 
the whole atmoſphere on the earth's ſurface is 
11095600000000000000 pounds, The ſurface 
of the human body cee. 14 ſquare 
feet, the air therefore preſſes od.it with a weight 
equal to 28000 pounds; and in like manner it 
preſſes on other bodies, according to the quan- 
tity of their ſurface. This preſſure however is 
not uſually ſenſible, becauſe the air contained in 
bodies, and compreſſed by that weight, equally. 
reſiſts it by its elaſtic force. Thus, a ſteel 
ſpring bent with a four pound weight reſiſts 
any farther flexion by that weight. But if the 
ſpring ſhould happen to be weakened, the 
weight would then bend it more; if it ſhould 
be ſtrengthened, its flexion would on the con- 

trary be leſs. In like manner, if the reſiſtance 
of the air contained in bodies, becomes either 
greater or leſs than the preſſure of the atmo- 
ſphere on them, the ſuperior or inferior force 
of that preſſure would then become manifeſt. 
We muſt however except thoſe bodies which 
are of ſo firm or rigid a texture as not to be in- 
fluenced by theſe circumſtances. Thus air may 
be very much rarified or condenſed in cloſe me- 
tallic or other veſſels; and theſe veſſels will not 
manifeſt any ſigns either of contraction or ex- 
panſion: tho' even theſe will be burſt by = 
8 —— n in them. 1 


a In 
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In the veſſel covered with bl adder, before de- 
ſcribed, we find that the internal” and. external 
air preſs equally againſt the bladder, and there- 
fore its ſurface remains level with the brim of 
the veſſel. If the bottom of the veſſel be 
warmed, ſo as to heat the ineluded air, and 
thereby increaſe its elaſticity, the bladder is 
driven upwards ; which argues that the reſiſtance ' 


of the included air is e than Wit 
ROI wk the wma ers 


On the contrary, if we ag hs veſſel in a 

mixture of ſalt and ſnow, ſo that the internal 
air may be cooled, and its ſpring weakened, the 
bladder will be driven downwards, a proof that 
the preſſure of the external is become! wont 
_ the fees of the n air. 


If this veſſel be ber Bede an ur. pump and, 
by means of a hole properly contrived, the air 
which it contains be drawn out, there is ſaid to 
be a vacuum made in it, by reaſon that it is empty 

of all ſenſible matter. The reſiſtance within the 
veſſel, to the external air, is therefore entirely 
deſtroyed, add the pyeſſure of the latter will be 
ſcen to be fo powerful, that it will break the 
bladder and ruſh into the yeſſel with a great noiſe, 
in june to us up:the vacuum. 


= part of the air be ſacked out FOI a vial, 
fry reſiſtance of the internal air will be leſs than 
the 


the: preſſure of the external; or to ſpeak in the 
language of philoſophy, a partial, or imperfect 
vacuum will be made in it. The lip therefore. 
will be preſſed. into the vial by the external air, 
nor can they be ſeparated without ſome; force,, 
and. chen che air ruſhes in to fill up the vacuum. 


If the piſtog- of 1 3 
partial vacuum will be made; and the air will 
ruſh in at the orifice of the pipe as faſt as poſ- 

ble, to reſtore the equilibrium; or if the pipe 
be placed in water, the preſſure of the air on 
the ſurface. of that liquid. will drive ee water 
ne | TE Op 


* 

But the . the; air is in ke ee 
more conſpicuous than in the barometer. If a 
ſiender glaſs tube, a yard in length, be filled 
with quickſilver, then turned upſide down, with 
the open end in a baſon of that metal, the quick - 
ſilver will run out of the tube into the baſon, 
till jt has ſank about five or ſix inches, but after 
that it ceaſes to flow: for it is ſupported at the 
height of about thirty inches by the preſſure of 
the air, and this is the method by which we know 
the exact weight of a column of air, reaching 
from the bottom to the top of the atmoſphere | 
for the quickblver is ſupported in the tube, by 
the reſiſtance or preſſure of a columnof air, equal 
| in diameter to that of the quickſilver, and reach- 
ing from the mouth of the tube (or, which is the 
2; ſame 
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{4ms thing in effect. the ſusfjace,of.the-mercury; 
in the baſon) to the upper part af theatmaplphaces, 
and therefore the weight of ſuch a column of air 
is. exactly equal co the. weight ot. the. quiclaſilaer 
in the tube, they ꝓxeciſely/halancing ęachother . 
and uf tho · tube Was a. ſquare foot in width, , the. 
weight oß the mercury, and in couaſe chat of tho 


air, . ˖——— 


eee eee, 
height at the ſamo place; or in otheraords, a 
column of air of the ſame diameter; does nom 
always weigh exactly the ſame; for the atmo 
ſphere,, like the-ſeaz is · ſubject to flies and per- 
turbations which will therefore cauſe: it to b 
higher; and heavier: at ſomo parts of the cartly 
than an: others; andy. at different times, in the 
ſame: place: Thus, ſometimes thei quickſfitrer: 
is: ſupported: ati the: height of thirty - one inches; 
at other ſijmes only at twenty right, and at othert, 
ſomewhere: botween theſe; and the uſe of the 
barometer:js to ſnow, by the height of the quick 
filver; the weight of the air: Hat another uſe 
of the barometer is, to ſhew the ſtate of the ea · 
ther with reſpect to rain. When the air is heu- 

ier, it is alfo denſer: in courſe, and therefore 
the dtouds will be borne up higher, and prevented 
from falling; hence the weather is at thoſe times 
fair. Bur, when the armoſphere is lighter; che 
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clouds are ſuffered to deſcend to the earth, and" 
then we dare rain, S Cee 
ande ie M i Ml Th, 8 28 
It may be proper to obſerve that the air des 
not preſs directly downwards only, but every way 
alike. Thus, if a vacuum be made in a veſſel, 
and its mouth be held downwards, the air will 
preſs on, and ruſh into it as well as if its mouth 
were upwards. For every part of the air at the 
bottom being preſſed by that above, wherever 
there is a vacuity, the air around, in conſequence 
of the preſſure, will ruſh thither, and thereby 
e, the pun, 81 bo + 705 


| The. 9 is aways: ois ü in a { greatery 
or leſs degree, from the quantity of aqueous va- 
pour Which it contains. Thus, if you expoſe 
ſalt of tartar to the air, it will in a little time 
attract ſo much water from it, as to make it 
liquid, and it will be diſſolved in greater or leſs 
time, according as the air happens to be more 
or leſs moiſt. The hygrometer, or inſtrument 
far meaſuring; the moiſture of the air, is con- 
ſtructed on this principle. An oat beard, when 
the air is dry, is twiſted up, and therefore ſhorter; 
but when the air is moiſt, it is relaxed, or un- 
twiſted, by reaſon of its attracting that moiſture; 
and the length which it acquires in conſequence 
thereof, — the- we _ the nen of 
N * en EO naw 7 6b 
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be air has alſo a power of diſſolving bodies 
in the manner of a menſtruum, according to che 

preſent philoſophy. If a ſalt of any kind be 
put into water, the water will diſſolve it; and 
the ſolution will be haſtened by agitation and 
heat. In like manner, if water be expoſed to 
air, the air diſſolves it; and if the air be hot, 
and the water. agitated by wind, or any other 
cauſe, the ſolution takes place the ſooner. Water 
when hot will alſo diſſolve a greater-quantity) 

of a ſalt than it can retain when cold; and hence 
it cryſtallizes. In like manner air, n a hot ſum- 
mer's day, diſſolves a large quantity of water, 
which it depoſits in the night, or when cold, in 
the form of dev. Vegetable, animal, and moſt 
other ſubſtances are alſo capable of being diſ- 
ſolved by air. Thus, the fleſh of a dead animal, 
expoſed to the air, wil in time, entirely Sag 
pear. ' | | 


** 


— 


For theſe reaſons, and alſo on account of the 
ſteams and exhalations which are continually 
riſing into the atmoſphere, from the bowels of 

the earth, it is plain that air, any more than 
water or earth, cannot be obtained pure; and 
it is alſo evident, that on account of the various 
natures of theſe exhalations, and of the winds 
which bring them from different parts, the air 
will be- adulterated in a different manner, not 
only at different parts of the earth, according to 
the 


CHEM 15 TR v. 
ena the ſul, bur ika, at different ies, 


wn | & 1 | 

Cs ca hetremenientergaren? 
whe mmoſphere, by cheat, or dtherwiſe, the ar 
2 : ITS TOR ELD ; . 

The effects of: air, in its different ſtates, on . 
the body, will be conſidered in a future and more 
Proper place. ereus | 5 |; b 
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VLL within 40 few renn philoſo- 
phers hack no idea of any more ch one 
Kind of ar. They conſidered it as an element; 
and whatever differences they found in air, in 


different airvumſtances, they imputed entire 


to the admixture of foreign matters, from whith 
(the air was capable of being obtained in the ſame 
pure ſtate as before. They reaſoned about᷑ air 
then in the ſame manner as we do now concern- 
ing water. The induſtry of philoſophers how- 
ever, has ſet us right in theſe matters. 


. 
OF COMMON Ain. 

There are certain proceſſes in chemiſtry, which 
the later writers on that art term pblogiſtic. Thus, 
combuſtion, or the burning of bodies, is a phlo- 
giſtic proceſs; ſo likewiſe are reſpiration, and 
: fome others. The theory of theſe” proceſſes 
= be explained more at large in a future chap- 

The effect only, will be ſufficient to > illaſ⸗ 


| — — ſubject in hand. 


a eandle be burnt, or an BPR W 
a1 dg quantity of air, it is well known that 
the ot e wilb ſoon be extinguiſhed, and the other 


die. 
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i * die. Theſe effects will happen ſooner, Lind 
L ing as the quantity of air is leſs, The facts may 
þ eaſily be proved by putting the candle, and the 
A animal, in glaſs veſſels, of proper ſizes, filled x 
4 with common air. 25 
4 © The eltect kicks theſe na hade! on air, 
3 is to diminiſh it in bulk. If we fix a lighted 
8 candle into an inverted glaſs receiver, and im- 
4 mediately place its mouth in water, we find, 
1 that when the candle is extinguiſhed, and the 
4 air in the receiver cool, the water will riſe up into 
4 the neck of the veſſel, higher than it did at the 
3 beginning of the proceſs, and therefore the air 
4 was Cuminiſhed> 29 
q | „ LR 4b 
4 If an animal be put into the veſſel, and ſuf- 
I fered to remain there till it expires, the air will 
be ſtill further diminithed, than by the burning 
candle. But when the diminution of air, by 
theſe proceſſes has proceeded to a certain degree, 
it cannot be carried any farther, 5 
— * 5 0 5 
| The i of chis diminution is pblogiga x ; 
which imparted to the air by the candle, and 
the animal, in thoſe proceſſes. The air attracts 
the phlogiſton by means of a ſuperior affinity, 
as will hereafter be ſhewn and on this principle 
| combuſtion, &c, depend. When air becomes 
= ſaturated with phlogiſton, it is incapable of im- 
0 bibing more. It can therefore be no farther 
"ot; -- | diminiſhed ; 
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% „ire re 5 
Pros e and is no longer fit for 3 1 
* lifes or for other anne, „ 
2 From 8 it appears; that with reſpedk a Fs” 
reſpiration, &c. air may be conſidered as bettery N 

or more pure, in proportion as it is freer from 
phlogiſton. We ſhall conſider this ſubject again, 

under che article of deptogifica/ed air. | 


ak. * 
12 n a 1 


5. 


2. 

or PHLOOISTICATED Al. 

& Air which has been injured by 1 
combuſtion, &c, in the manner already de- 5 
ſcribed, is thus called. If air be fully ſaturated | 
with phlogiſton by thoſe proceſſes, it is ſaid to 

be compleatly noxious. A candle is inſtantly 

extinguiſhed, and animals preſently die in this 

air, But we ſhall have occaſion to ſpeak of i 
further in the fei wing article ; 7 


2 


3. 5 
or PEPHLOOISTICATED Ax. 
It has long been known that nitre is capable 
of maintaining the combuſtion o inflammable 
bodies, as well as air. 


If lighted elarcod be Pee is irovit of F 
ſure to air, it will continue to burn, al the whole 
is reduced to aſhes, | E e 33 


I nitre be mbuech with chu aa che pes 
der, already kindled, be put into a cloſe veſſel. 


* 
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| combuſtion will be as compleat as if the 
Farcoal had been expoſed to the open air; 
Rough without the aſſiſtance of the nitre, the 
harcoal would preſently have been extinguiſhed 
— in that confined ſituation. : Nitre, therefore, 
has the ſame effect in this proceſs as air. 


« & 
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The reaſon of this was not known till lately. 
But Dr. Prieſtley has found that by means of 
heat, air may be expelled from nitre, of the ſame 
nature with that of the atmoſphere, but much 


more pure. A candle will burn, and animals 


live in it, four or five times as long: and there- 
fore it is freer from phlogiſton than common air. 


When nitre is burnt with a combuſtible body, 
a quantity of air is ſet at liberty, and reſumes its 
_ elaſtic or expanſive ſtate. This is the dephlo- 
giſticated air above ſpoken of, combined with 
the phlogiſton of the inflammable ſubſtance. 
.. Theexploſions of gunpowder, and other inen 
mixtures, e on this air. 


Nitre is not che 5 ſubſtance com which 
dephlogiſticated air may be extracted. It may 
be obtained from many other bodies, merely by 

heat. But different ſubſtances yield it in diffe- 
rent proportions; and it is alſo more pure, when 
obtained from ſome bodies than from others. 


, 7580 : | 
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After minium has Vielded' as much of * ar ; . 
as it will by heat, if ſpirit of nitre be added, a * 


freſh quantity may be procured. If more ſpirit 
of nitre be added to the remaining calx, there 
will be a ſtill further yield; and the operation 
may be continued, with the like reſult, as long 
as any of the minium remains. And there is 
no earthy ſubſtance from which this kind of 876 
may not be obtained by a like treatment. 


But the vitriolic acid anſwers this oa as 
well as the nitrous; ; and from every earthy ſub- 
ſtance on which that acid can act, dephlogiſti- 
cated air may be obtained. SES. 


| As this air is ſo much purer than common 
air, there is reaſon to hope that great benefit 
will accrue to mankind by the medicinal uſe of 
it, in diſorders where the phlogiſtic principle 
abounds in the conſtitution, by breathing it in- 
ſtead of common air. It has already been pre- 
ſcribed in thoſe caſes, with good effect. In com- 
buſtion alſo, it may employed to advantage. If 
a fire be blown with this air, the heat is pro- 
digiouſly more a than when common air 

is employed. 


ö Dephlogiſticated air, being only a pure wind of 
common air, it is plain that it only requires a pro- 
per addition of phlogiſton, to make it of the 
; ſame ; goodneſs withthat of the atmoſphere. Com- 

5 e mon 
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mon air, in reſpect to purity; is between phlo- 


R giſticated and dephlogiſticated air; theſe three 


| kinds differing from one another only in being 
a or leſs 85 from _ phlogiſtic principle. 


As the ae is enen expoſed to 
animal reſpiration, combuſtion, putrifaction, and 


a variety of other phlogiſtic proceſſes, it muſt 


be continually receiving injury; and therefore 
if there were no contrivance in nature for puri- 
fying it, it would long before now have been 
rendered unfit for theſe proceſſes. Animals 
could not live, nor could fires exiſt in it. But 
Dr. Prieſtlcy has diſcovered, that air thus ren- 
dered noxious, is purified by vegetables growing 
in it. And by proſecuting that diſcovery, he has 
found that they perform that ſalutary effect by 
means of the ſun's light. If a plant grows in the 
ſhade, it rather adds phlogiſton to the air; but 


if it be placed in the light of the ſun, it at- 


tracts phlogiſton from the air, in a furprifing de- 
gree, mending it out of all proportion e 
the 1 injury it does to it in the _— 4 


Animals and vegetables en 3 


act each other's effects in this particular; 
hence is diſcovered to us an uſe py the robo 


creation, which meer reaſon. could never have 
led us to ſuſpect. 


. 


2 8⁰8 alſo Pr. Ingenhouſz's treatiſe on this curious ſubjeRt, 


. 
. 
. 
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Dr. Prieſtley alio diſcovered that phlogiflicaes 
air may be purified by agitation with watef. 
Hence we perceive. à very important uſe. of 
winds; and of ſtorms at ſea. Philoſophy daily 
teaches us, that thoſe natural effects which ap- 
pear to us to be moſt hurtful, are inſtituted 


for very important and —_ . in the 


ereation. 


4. 
| or NITROUS AIR. | 2 

If ſpirit of nitre be added to iron, or any 
other phlogiſticated ſubſtance which it can diſ- 
ſolve, there ill fly off from it, during the ſo- 
lution, an elaſtic vapour; which being caught 


in proper veſſels, is what is uſually Ale. ni 


trous air. 


If this air be 3 with common air, a con- 
ſiderable degree of heat ſucceeds, together with - 
a turbid redneſs, and diminution. of their bujk. 
The latter circumſtance has been happily ap- 
plied by Dr. Prieſtley to a very uſeful and im- 


portant e 


He found that the diminution was greater, 
in proportion to the purity of the common air 
employed; and hence has eſtabliſhed a teſt of 
the goodneſs of air, or the degree in which it is 
proper for reſpiration, & c. Inſtruments are now 
uſed for this purpoſe, as thermometers are for 

E 3 diſcovering 
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diſcovering the temperature of t they 
are called eudiometers. . 


If common air be diminiſhed! as far as it is cap- 
able of, or rendered perfectly noxious, nitrous | 
air has no effect on it; neither does it diminiſh 
any other kind of air, but common air not com- 


plercly phlogiſticated, 


Nitrous air conſiſts of nitrous acid, and — 
giſton. The air takes the latter ingredient from 
the acid, and thereby becomes diminiſhed, in 


the ſame manner as when it is phlogiſticated by 


the proceſſes of combuſtion and reſpiration; 


the manner of which has already been deſcribed. 


The turbid redneſs is owing to the nitrous acid, 
now ſeparated from the phlogiſton, and e 
ing in its uſual form of red fumes. 


Nitrous air has alſo the property of preſery- 


| ing ſubſtances kept in it from putrefaction; but 
it is, totally unfit for reſpiration, n pre: 


_—_ wh in it. 


5. 
OF INFLAMMABLE AIR. 
If iron be diſſolved in the vitriolic or marine 
acids, an elaſtic vapour ariſes, which bein 
| mixed with common air, takes fire at the flame 
of a candle, and therefore is called inflommable : 
air. 


This 
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This kind of air may alſo be produced by 
putrefaRtion, and a variety of. other methods 
and is ſometimes found ready formed.. Thus, 
when coal mines take fire, it is owing to a 
quantity of inflammable air exhaled from the 
mineral ſubſtances, and mixing with the com- 
mon air in the mine. It is unfit for reſpiration, 
" 6, | 4 77 
or ALCALINE AIR, 


If heat be applied to the aufdie ſpirit of fat A 
ammoniac, the volatile alcali will be expelled ' 
from the water with which it was combined, and 
fly off in the form of a permanently elaſtic va- 
pour. This may be proved by the following 
elegant experiment. . ; 


Fix a lender glaſs ks i bent, into a 
vial containing the ſpirit; then fill a large vial 
with quickſilver, which let an aſſiſtant hold in- 
verted in a baſon of the ſame metal. Let the 
tube paſs through the mouth of this inverted 
vial: apply the flame of a candle to the vial 
containing the alcali, the vapour will paſs 
through the tube into the inverted vial, and be 
collected in its upper part; driving the quick- 
filver downwards, in proportion as it accu- 
mulates. The vapour however, will not con- 
denſe into a liquid, but remain in an elaſtic 
Rate, like common air. 


Kh  Quick6lver 


P /// i A ee. 
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- Quickfilver has no action on this air, which 
is the reaſon that it is employed in the experi. 
ment. But if water be introduced, the air is 
preſently abſorbed by it; and in conſequence 
thereof, the quickſilver riſes in the vial, and 


nothing js ta be ſeen but quickſilver and water. 


The water thus impregnated becomes ſhirit of 
ſal ammoniac. ä 


By impregnating water with this ſpecies of | 
air, a cauſtic liquid volatile alcali may be formed, 
3s ſtrong as that diſtilled from fal ammoniac 


with quicklime; ſo that the latter preparation 


s thing but water impregaated with olcaling 
0 


; Other particulars of this air may Na leds 
from the following articles. 


The fixed alcali cannot be expelled | in a per- 
manently elaſtic form. 


' 7. 
OF MARINE ACID Alx. 
The acid of ſpirit of ſalt may be — 
ſeparate from the water, in the form of air, in 
the ſame manner as was ſhewn with regard ta 
the volatile alcali, and by the ſame means, It, 


is alſo as readily abſorbed by water, 


But it is remarkable, that the marine acid in 
Pe form of Mrs is much ſtronger than in its uſual 
ſtate 
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ſtate of combination with water. For whereas 


before it was the weakeſt, it is now the ſtrongeſt | | 


of the three mineral acids; for it 


both the nitrous and virrolie, from their * 
tive baſes. 


. 


Water fully impregnated with this air, 8090 
likewiſe a ſpirit of ſalt ſtronger than that ob- 
rained by diſtillation ; and an aqua regia much 


more powerful than the common, may be made 
by a proper admixture of this air with ſpirit 


of nitre. 


If this air, and the alcaline air before de- 
ſcribed, be 'mixed, an union is immediately 


formed between them; they loſe their claitic, 
ar airy form, and condenſe into white powder; 


which if collected, will ſcaree occupy the thou- 
ſandth part of the ſpace which the ingredients 


poſſeſſed before, This powder is common {al 


ammonias. 


8. * 
YITRIOLIC ACID AIR» 


The volatile vitriolie acid may be fſeparated- | 


| from the water with which it is combined; and 


exhibited in the form of air, like the marine 


acid and volatile alcali. And water impreg- 


nated with this air appears to be the ſame withe 


"A doe 855 ſulphurata. 


9. op 
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o SULPHUREOUS: AIR. 


11 an acid be added to liver of ſulphur, a kind 
of air will ariſe, which may be called fulphureous 


air. 
3 212 1 3 16 2 © IT AY 


By i impregnating water r with chis air the ſul- 
phureous waters may be imitated, in the ſame 
manner as the acidulous ones may by impreg- 
nating water with fixed air. | „ 


* 
10. 


OF FIXED AIR, or atrial ACID, 
It lemon-j juice be added to ſalt of wormwood, 


it is well known that an efferveſcence happens, 


by reaſon that there is extricated from the ſalt 
a large quantity of air. „ 


This air, before the addition of the acid, was 
combined with the alcali; that is, the particles 


of air were attracted by thoſe of the alcali fo 


. ſtrongly, that they ſtuck firmly together, In 


this caſe therefore, the air appeared to have en- 
tirely loſt its elaſticity, and exiſted in a ſolid or 


fixed ſtate, whence it came to be called fxed air. 


The term however, is equally applicable to the 
other kinds of air already ſpoken of, and for 


the ſame reaſons. But as this happened to be 


the firſt in which this property was diſcovered, 
the appellation was ea to It 3 and has been 


. | FOES continued 
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continued ever ſince, Experiments ſhew, that 
as much air was contained in the alcali in this 
fixed or coherent form, as would occupy a ſpace 
ſome hundreds of times Ser when reſtored | ro 
its elaſticity. Ar c 


The acid has the property of freeing this air 
from its combination with the alcali. For the 
alcali attracting it ſtill more powerfully than it 
does the air, unites therewith; letting go the 
latter ingredient, which then immediately re- 
ſumes its elaſtic or expanſive ſtate. In its 
eſcape through the liquid, it cauſeth the effer- 
veſcence, or bubbling, in like manner as would 
be occaſioned by air blown through lender 


tubes, inſerted ' in the bottom of the veſſel. 


This air may alſo be obtained by mixing any 
acid with any mild alcali, or abſorbent earth. 
And it may likewiſe be expelled from the laſt- 
mentioned ſubſtances by heat: thus, quicklime 
is chalk, or lime- ſtone, deprived of its fixed air. 


| 0 large quantity of this air is extricated from 
yinous liquids, and other ſubſtances, while 1 in a | 
ſtate- of fermentation, 


When vegetable and ſome _ clin 


are diſtilled, a great quantity of fixed air is ex- 
pelled merely by heat, with the water, and 


other volatile principles of thoſe bodies. This 
pas of the N had not uſually been con- 
| - ſider Q | 
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ſidered by chemiſts; whereas now, it appears to 


be an important principle of bodies. 


Almoſt half the weight of marble, for ex- 
ample, is fixed air. The other ingredient is cal- 
careous earth, or quicklime. By means of this 
air the particles of the earth are united into that 


| firm ſubſtance ; for when deprived of that 2 


ciple, it erumbles into dult. 
When we firſt ſee hartſhorn diſtilled, we are 


aſloniſned at the quantity of liquid obtained 


from ſo dry a ſubſtance. It was partly by means 
of the fixed air that this water, with the other 


principles, were united into that firm body. 


Vegetable, and animal. ſubſtances, deprived of 
this air, are more diſpoſed to putrify ; their 


other principles becoming more ealily diſſipable, 


If fixed air be mixed with alcaline air, they 
form the mild volatile alcali Without the 
fixed air, the volatile alcali cannot be obrained. 
in a ſolid form. 


Lime-water eck with this air, imme - 
diately becomes turbid ; and a white dudes * 
precipitates. Hence it is uſed as a teſt to diſ- 
cover the preſence of this kind of air. The air 

uniting with the lime, renders it mild, and no 
longer ſoluble in the water. 


Water imbibes this air; and thereby os 
artificial Pyrmont water, Water, thus impreg- 
- nated, 
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nated, is capable of diſfolving: iron, cemphize, 


and ſome other ſubſtances ; Wb it could not 
do before. 


Fixed air has been ſucceſsfully applied to 
medical purpoſes as an antiſceptic; and in ſome 
other intentions. For tho it will not ſerye for 
reſpiration, it is not hurtful when taken into the 
ſyſtem. On the contrary, experience proves it 
to be very ſalutary.. . 


Fixed air acts on alcalis as an acid OG... 


weakeſt kind, and thence is juſtly called by the 


ingenious: Mr. Bewly, and Profeſfor Bergman, 
an acid. Hence mild alcalis may be nee 


* "As a kind of neutral falts. 


For many other curious particulars, reſpect- 


ing the different kinds of air, the reader is re-; 


ferred to Dr. Prieſtley's juſtly admired publi- 
cations on theſe ſubjets*. To that philoſo- 


pher the world is indebted for almoſt the whole 


of what is known concerning them. 


Ik) heſe are the principal ſubſtances, yet known, 
"capable of exiſting in a permanently elaſtic ſtate 
in the common temperature of the atmoſphere. 
But it may be obſerved, that many other bodies 
are capable of being turned into air by a ſuffi- 
cient heat. Thus, the bubbles of boiling water 
are 


* The abbe Fontana affirms that vegetable acids, without 
exception, are reſolvable into fixed air; and thence concludes 
that fixed air conſtitutes the very eſſence of thoſe acids. 
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are water converted into an (elaſtic fluid, whick 


may therefore be called aqueaus air. But this, 


when the heat ſufficiently abates, loſes its 
elaſtic ſtate, and returns into the form of water. 
The like may be obſerved of ſpirit of wine, 
oil, quickſilver, & c. In the Introduction, it 
was obſerved, that bodies may exiſt in three 
different ſtates; a ſolid, fluid, and an elaſtic 
one; but that bodies of various kinds require 
different degrees of heat for theſe purpoſes. 
Thus, an heat leſs than the loweſt degree that 
we can produce, is ſufficient for the formation 
of common air. Water requires a greater heat 
for that purpoſe than the uſual temperature of 
the atmoſphere; and earths cannot be made ſo 
by the moſt violent of our fires. 
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or PHLOGISTON, AND ITS COMBINATIONS, © 


HIS principle ſeems to be of ſo ſubtle a 
nature that it cannot, like water, be ob- 


| tained in a ſeparate coherent form ; z nor 2 55 air, 


be confined i in a veſſel. 


But tho' we cannot drain phlogiſton i in : aforld 
rate ſtate, yet we can transfer it from one body 


to another, which is ſufficient for chemical pur- 


poſes. Thus, if powdered charcoal be mixed 
with the calx of lead, and placed in à proper 


_ veſſel over a fire ſufficiently ſtrong, ' the phlo- 


giſton will quit the charcoal, to combine with 


the calx, by which it is more powerfully at- 


tracted; and en will . be ae into 
lead. 


r : combination 


of phlogiſton with the phoſphoric acid. Bur if 
the phoſphorus be expoſed to the air, its phlo- 
giſton will leave the acid, and combine with the 


air by which it is more ſtrongly attracted; and 


| the new combination i is phlogifticated air. 


The fuſibility of bodies i is promoted by their 


e with this principle. Thus, minium 


is very difficult of fuſion ; but lead melts with 
much leſs heat. It alſo cauſeth bodies to be 


more ductile, or malleable than before. 
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> 

4 pi I hall have occaſion to ſpeak of this principle 
| HRS in future; and at preſent ſhall only conſider 


BY 
— 
2 4 vc 
* * 


o 


Rh, 
— 
— 


| 118 thoſe bodies of which it forms a conſtituent part. 


or METALS: | 3 
Metals are divided into perfect, imperfect, 


| | | and ſem metals. The perfect metals are gold, 
5 Alver, and plarina. They are {6 termed becauſe 
11 c they remain unaltered in the fire. The only 


| It; — * effect that the heat of our furnaces has on them 
VII to render them fluid: when che heat is re- 


| | moved they return to their folid ſtate: without 
MI having ſuffered any r eicher in their pro- ; 


q . or weight. 


1} The imperſelt metals are copper, iron, lead, 
ii X tin, and quickſilver. They differ from the pet- 
i fect metals in being calcinable by heat; or of 
| 85 being changed thereby from metal, it into mere 
| | alles, or earths. 


The ſemi-metahb are zinc, ,regulusof nimony, 
1 nickel, &. | 


In the calcination of metals, one of the ingre- 

| : - Gients, the phlogiten, is taken from them by the 

air; in lieu of which, they uſually attract fixed 

air, or ſome other, from the atmoſphere z and 
3 hence the calx is found to be heavier than the 
— * 145 ; 

| „„ ROT > HL Metals 
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Metals are alſo converted into calces by thoſe 
acids which are capable of diſſolving them, For 
their phlogiſton eſcapes, and ooly * alce re- 

main with the acids. 


% 


The calces of 3 like other earths, 


- convertible into glaſs. But this is not the caſe 


with the metals themſelves. ee are hy 
panderoutahelh ben bodies. * 


The phlogiſton of all metals is exactly the fame; 


and therefore the difference i in them is owing en- 


tirely to the nature of their calces: Thoſe dif- 
ferences are ſufficient to diſtinguiſh: the metals 
from each other. Thus, e united 
with the calx of 


SLB, 


Forms a metal whoſe ſpecific gravity 1 re- 
teen times greater than that of water; and the 
| only acid in which it can be diſſolved, is aqua 
. regia, Its colour is yellow, and it is unalterable 
by the beat of our furnaces. With the calx of 


| PLATINA, 
It compoſes a metal which reſembles cold; in 


its ſpecific gravity, perfe&nefs, and ſolubility 
in aqua regia,” but differs from it, in being info- 


ſible by the fires of our furnaces; whereas gold 
is fubible. Wich the calx of | 
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: SILVER, 
4 It forms a metal, which, like gold, is inde- 
1 ſtructible by the heat of our fires, but has much : 
it leſs ſpecific gravity, and is ſoluble! in the r nitrous 
. | acid, With the calx of 

It is rata 

14 ; It forms' a metal calcinable by heat; 3 of a red- 
1 diſh colour; not fuſible but in a great n. and 

it ſoluble in all the-acids. With calx of - 

1 8k 85 -LEAD, 

— 11 A metal is formed by it, fuſible ina een 
Il; heat, and not difficultly calcinable. It is the 
lf ſofteſt of all metals, and alſo the heavieſt, except- 

11. ing gold, platina, and quickſilver. With ealx 
14 — 

il} IRON, 
1 {| If forms a metal capable of being attracted 
4 by the load-ſtone; which requires the moſt in- 
| | tenſe heat to fuſe it; is ſoluble in all acids and 
1 alcalis; is the leaſt malleable, and moſt elaſtic of 
| Il all metals; and which ruſts o on expoſure to moiſt 
8:10! air. With calx _— 
1 
FT l e Todd 6h ; 
| | It forms a metal the lighteſt of all others; and 
; op the moſt fuſible except mercury; the ſofteſt 
N next to lead; and which when 8 crackles on 
1 being bent. With calx of Fo 
MERCURY, ' 
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MERcuzr, "; 


itt forma a metal the heavieſt of all the infer. 
ö — ones; volatile by heat; and which remains 


fluid in the common temperature of the at- 
een; With calx of 


- zING, | 

A ſemi-metal is compoſed ſoluble in all acide. 
and which may be ſublimed in the form of 
flowers. Its colour is a blueiſh: white, and is 
commonly named lulenq. With calx of 


ANTIMoo Tr, 
bs forms a ſemi- metal, ſoluble in aqua regia, 
but not in other acids, or difficultly and imper- 
fectly. It ſublimes into flowers; and when com- 
bined with ſulphur forms antimony. 


The other ſemi-metals are alſo formed of phlo- 
giſton, and the reſpective calces. But different 
calces require different proportions of that prin- 
ciple, in order to their metallization. 


I, | 
OF SULPHURS. 


Phlogiſton properly combined: with the vitri- 
olic acid, becomes | | 
e 
BRIMSTONE, 
Or common ſulphur. If vitriolated tartar, 
Glauber's ſalt, or other ſubſtance containing 
= vitriolic 
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F the acid behind in the form of vapour; and 
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vitriolic acid, be fufed with charcoal, the acid 
of the former and the phlogiſton of the latter, 
wl unite and form ſulphur. 


This ſubſtance eaſily meles. Tei is neither ſo- 


luble in acids, water, nor ſpirit of wine; but 
may be. united with oils, and ſome of the me- 


tals; and alſo with alcaline ſalts and quicklime, 
forming bepar ſulpburis. 


It is kindled with leſs heat than almoſt any 
other inflammable ſubſtance; burns with a blue 
flame, and ſuffocating ſmell. In this proceſs 

its. phlogiſton is attracted by the air, leaving 


which is the cauſe of the ſmell juſt men- 
tioned. This again ſhews that phlogiſton and 
the vitriolic acid are the principles of which, it 


ie compoſed. 


The proportion of acid to that of the phlo- 


giſton in this compound is ſaid to be ſo great, 


that an ounce of ſulphur contains above ſeven 
drachms of vitriolic acid, ſeveral times ſtronger 
than the beſt oil of vitriol that we can procure. 
This may appear ſurpriſing, when it is conſi- 
dered that ſulphur is inſipid to the taſte, whereas 
the vitriolic acid is one of the moſt cauſtic ſub- 
ſtances in nature. The reaſon. of this will. be 
ſhewn in a future chapter, 
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2. 


* 
* 


PHOSPHORUS. 


It is compoſed of phlogiſton and the phoſ- 
phoric acid, in the ſame manner as brimſtone is 
compoſed of phlogiſton and the vitriolic acid, 
and therefore muſt be conſidered as a ſulphur. 


Its principles ſeem to be leſs ſtrbngly united 
than thoſe of brimſtone; for the latter ſub- 
ſtance requires to be heated in order to make it 
inflame ; but phoſphorus parts with its phlo- 


giſton to air, without the aſliftance of heat; and 
hence it is that it kindles on being 1 3 


the air. 


After combuſtion, its acid remains behind in 
4 ſolid ſtate; in which reſpe& likewiſe it differs 
from brimſtone. A ſmell of garlic is perceivgd 
while it is buraing. 


Nicrous air may alſo. be conſidered as a ni- 
trous ſulphur. 


or COAL. s 
By coal is meant any oily ſubſtance burnt to 
| blackneſs: as the coal of wood, charcoal, and 
the like, It may be conſidered as a combina» 
tion of phlogiſton, with animal or vegetable 
F 3 earth. 
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earth. If it be deprived of the former ingre- 


dient by combuſtion, the earth remains behind. 
Coal alſo contains a great quantity of air in a 


fixed ſtate. 


* 
or OILS. 

Oil, ſimply conſidered, is probably a combi- 
nation of phlogiſton, with an acid, earth, and 
water. , 


s - 


Oils are inflammable, and burn with a ſoot, 
leaving alſo a coaly matter behind, unleſs it be 
carried off in the vapour. They are not uſually 
miſcible in water; but either ſwim above it, or 
fink to the botrom, according to their ſpecific 

gravity. The ſubſtances with which they are 

accidentally combined make a conſiderable va- 
riety in them. And, as their properties are dif- 


ferent, we ſhall, as in the caſe of earths, conſider 


them as diſtinct ſubſtances. 


; 5 f 
EXPRESSED VEGETABLE OILS, 


As oils of almonds, olives, &c. When pure 
they have neither taſte nor ſmell, and are ſoft 
and bland; they neither mix with water, nor 
ſpirit of. wine. | | 


" „ 
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With cauſtic fixed” alcaline ſalts they form 
common ſoap; they diffolve ſulphur, and calx 
of lead; and unite with eſſential oils. They _ 
ſwim in water. 


2. 3 
"ESSENTIAL . VEGETABLE o115,. | 


or thoſe obtained by diſtilling ebe ke 
as lavender-flowers,” caraway- ſeeds, &c. with 
water. 


They diſſolve in ſpirit of wine, and produce 
cold thereby. They unite with water by diſtil- 
lation; and hence the ſmell and other proper- 
ties of diſtilled ſimple waters. They have the 
ſmell and taſte of the We from hien er 


were drawn, 


With concentrated nitrous s acid, they inflame; 
ce ir oil of menol be added. 


They form volatile ſoaps with the volatile, 
and thoſe called philoſophical with fixed alcalis. 
When they are in a dry or ſolid ſtate, they are 
called | 


1 f 5 

RR EL - RESINS. ; 
Thus, refin of jalap, of guaiacum, Kc. may 
be conſidered in this light; as may alſo cam- 


phire. They agree with eſſential oils, in their 
F 4 - _ being 
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being ſoluble in ſpirit of wine, not in water yaw 
in Free! other ane. | | 


ANIMAL FATS. 


Their properties are very ſimilar to thoſe of 
expreſſed vegetable oils. They differ from them 
_ chiefly in being uſually in a ſolid ſtate; whereas 
the others are moſt cammonly fluid. 
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1 * other diverſities in oils; as the em- 

eee oils of animals and vegetables; ariſ- 

ng from their being partly decompoſed by the 

fire ; foffil oils ; and the ſubſtances reſin, wax, 

- &c. But for accounts of theſe, authors on the 

os materia medica, and practical chemiſtry, may 

be conſulted, a particular enumeration of them 
hot being neceſſary to a work of this nature. 


5. 
 VINQUS SPIRIF, 


it feems to be compoſed of acid, phlogitton, 
and water, It burns y without ſoot, or coal. 


| It mixes with water. It diſſolves eſſential, 
but not expreſſed oils ; reſins are alſo diflolyed 
By? it. ; 
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It is eaſily inflammable z and irs capacity for 
containing fire 1s greater than that of oils, 
It alſo burns with a weaker flame, 


11 coagulates animal fluids; is very volatile; 
and, excepting æther, is one of the lighteſt of 
ö liquids, 


6. 
' ETHER, 


It is produced by diſtilling pure vinous ſir cit 7 
n a concentrated acid. 


It is the lighteſt of all known liquids. It _ 
neither unites with vinous ſpirit, acid, nor 
alcali, but diſſolves eſſential oils and reſins. It  -. 
unites, in a very ſmall proportion, with water. 


Beſides the ſubſtances already mentioned, phlo- 
piſton enters more or leſs into the compoſition 
of all bodies, though in leſs proportion, or elſe 
in a leſs obvious manner than in thoſe ſpeci- 
fied. But theſe are ſufficient to ſhew the great 
importance of this principle, and in ſome mea- 
ſure its nature. For it is abſolutely neceſſary 

to the formation of inflammable matters; and 
of courſe to vegetable, animal, and other bo- 
» | . 
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dies, into the compoſition of which inflam- 
mable ſubſtances are known to enter. It alſo 
ſeems neceſſary to the formation of air, 
and to many other important purpoſes in 
nature, which it is not neceſſary at preſent to 
conſider. | 


„ Lo 
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CHAPTER” vn. 


OF FIRE, 7 f 


IRE is that ſubtile - xg; which 
| cauſeth heat. As heat is the moſt obvious 
effect of fire, I ſhall firſt diſcourſe of it. 
If the heat or warmth of any ſubſtance be 
greater than that of the part of an animal body 
to which it is applied, it cauſeth the ſenſation 
of heat in that part; if contrariwiſe, cold; but 
if the heats be equal, neither of theſe ſenſations | 
are cauled. Thus, if water be hotter than the Sy, 
hand, it feels warm; if colder, cold; but if it 
be of an equal hear with the hand, it neither 
feels hot nor cold, The hand however is no 
certain meaſure of heat; for if one hand be 
hotter than the other, the ſame water may at the 
{ame time feel hot to one hand, and cold ta the 
other. And, at different times, water of the 


ſame warmth may feel hot and cold even to 
the ſame hand. 


* 


Philoſophers therefore have another, and more 
accurate method of meaſuring heat, which is by 
the thermometer, When a body is hotter, the 
fluid in the thermometer applied to it riſes 
higher ; and when colder, the fluid ſinks lower, 
| and 
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and a graduated ſcale is affixed to the tube to 
mark the degrees. A body therefore is not ſaid 


to be hot, or cold; but only more or leſs hot“. 


Ice, for example, has a leſs degree of heat than 
boiling water. The heat of a body i is alſo called 
its cet. 


The moſt general effect of heat on bodies, is 
to expand them into greater dimenſions : there 
is not a body yet known but what is thus af- 


fected by heat. If a ſmall quantity of air be 


contained in a bladder, the application of heat 


Vill expand it into ſo great a bulk, that the 


bladder will be compleatly diſtended. If ſpirit 
of wine be put into a long ſlender tube, and then 
made hot, it will very conſiderably expand: 

and if a rod of iron, which can juſt enter a ring 
when cold, be made red hot, it cannot then 
enter that ring, by reaſon that it is expanded in 
bulk by heat. All bodies therefore are ex- 
panded by heat; and the only difference is, that 
ſome are more expanded than others, for reaſons 
which will appear in the ſequel. 


On 


* Beſides, though they do not appear hot to the ſenſe, are in 
reality very conſiderably ſo. It has been found, for example, that 
they are capable of being cooled above 200 degrees below the 
uſual heat of the hand. If therefore the uſual heat of the hand 


were at that point, and a body which does not now feel warm 


were applied to it, the heat would be equal to that which i is Now 
felt on putting the hand into boiling water, A very conſider- 
able quantity of fire therefore is contained in bodies, when at 
the common N of the atmoſphere. 


/ 


CHEMISTRY 57 

On this principle the thermometer is formed. 
A glaſs tube is made, with a bulb at the bot- 
tom, capable of holding a ſufficient quantity of 
quickſilver, or ſpirit of wine, When heat is ap- 
plied, the fluid in the bulb is expanded, and for 
want of room makes its way up into the tube, 
fo that the furface rifes higher. When a lefs 
degree of heat is applied, the fluid in the bulb 
is contracted, and therefore part of that which 
is in the tube will fink down into the balb, its 
furface becoming lower than before. The gra- 
duated ſcale indicates the difference, and there- 
1 meaſures the degree of heat. 


I bodies are heated leſs than a certain de- 
gree, they are folid ; if they are heated beyond 
chat, they are fluid ; and if they are heated be- 
yond a certain greater degree, they are rendered 
elaſtic, or turned into vapour or air, as was 
mentioned before. Water, for example, when 
it has only 32 degrees of heat, by Farenheir's 
thermometer, is ſolid ; and it is ſolid in all de- 
grees of heat below 32. When the heat is 
greater it melts, or becomes fluid. And when 
the heat is boiling and beyond, it loſes its fluid 
form and is turned into vapour, or elſe rendered 
elaſtic like air. The like happens to quick- 
filver, with this difference, that quickſilver 
loſes its ſolid form in a leſs degree of heat 
than water; and yet does not become elaſtic, 
but with a greater heat. Zinc does not become 

fluid, 
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fluid, but with an heat greater than that which 
would turn water into vapour; yet there is a 
leſs number of degrees between its fold and 
elaſtic ſtate, than in water. Gold does not be- 
come fluid but with a very intenſe heat; and the 
ſtrongeſt of our fires cannot turn it into vapour; 
and ſome earths cannot even be rendered fluid 
with the greateſt heat that our furnaces can 
give. On the other hand, ſpirit .of wine cannot 
be rendered ſolid; and air cannot even be 
**brought to a fluid ſtate, by the moſt intenſe cold 
that we have yet been able to produce. Yet a 
ſolid, fluid, and elaſtic ſtate, are with reaſon con- 
cluded to be proper to all thoſe bodies, pro- 
vided they were in the degrees of heat requiſite 
for theſe purpoſes. The only difference between 
bodies in this reſpect is, that no two of them 
have their ſolid, fluid, and elaſtic points at the 
ſame degrees of heat. 


When bodies which differ in theſe reſpects are 
mixed together, they may therefore be ſeparated 
from each other by proper applications of heat, 
provided their particles do not .too ſtrongly co- 
here; but of this, and of the other chemical 
uvſes of heat, more will be ſaid on a future 

occaſion. + | | : 


Fire has a tendency to diffuſe itſelf over all 
bodies, till they are of an equal degree of heat 
or warmth; and this equality of heat is called 
the 


"6 


[ 


CH 


the common temperature. Thus, if a red hot bul- 
let be placed upon three others which are cold, 
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. 


the farmer will be continually loſing heat, and 
the latter gaining; but all of them will be con- 


tinually loſing heat to the bodies Yes till 
they are all of the ſame temperature. 285 


If a pound of hot water be mixed with a 


pound of cold, the heat of the water after mix- 
ture, will be in the mean between the heats of 
the two portions before the mixture; the cold 


water will be heated half way to that of the hot, - 


and the hot water will be cooled man to whe 
temperature of the cold. 


If a pound of hot water however, be mixed 
with a pound of cold linſeed oil, the heat of the 
mixture will be greater than the mean of their 
two heats before mixture; and if, on the con- 
trary, the water be cold, and the oll hot, the heat” 
will be leſs than that mean. This is a very cu- 
rious difference; and the cauſe of it may be un- 


derſtood from what follows. 


If a pound of water be pen in a veſſel: in 


a certain degree of heat, and another pound in 
a ſimilar veſſel in the ſame heat, the heats which 


they gain or loſe in the ſame times, will be 


equal. 


But if in one of the veſſels be a pound. 7 | 
; water, and in the other a pound of linſeed oil, 
the 
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the oil will acquire a greater degree of heat, in 
à given time, than the water; and the like dif- 
ference is obſervable in their cooling. In other 
words, the ſame quantity of fire will Heat the oil 
more than the water; and the fame quantity 
of fire taken from the oil, and from the water, 


| will cool the water leſs than the oil. 


Half the fire contained in the hot water there- 
fore, heated the oil more than it cooled the 
water, and the heat after the mixture was more 
than the mean. On the contrary, half the fire 
contained in the hot oil heated the water leſs than 
it cooled the oil, and of courſe the heat after 
mixture was leſs than the mean. And, as in the 
caſes of expanſion, &c. ſo in this, there are per- 
haps no two ſubſtances exactly alike in this 
reſpect. 


Different bodies therefore have different 
powers, or capacities for containing fire; and 
hence when they are at a common temperature, 

- or Equally hot to the ſenſe and the thermo- 
meter, the proportions of that principle which 
they contam, are unequal, The capacity of 
Uinſeed oil, for example, is leſs than that of 
water; and therefore when equally hot to the 
3 | ſenſe, and the thermometer, contains leſs fire. 
13 Argqual proportion of that principle added to, 
=_ or ſubtracted from, the water and the oil, ought 
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+ CHEMISTRY. It 
FE in courſe to affect the temperature of the m | 
1 nnn | 5 0 


be 2 5 


— 


The i . Dr. Irvins > ln) in con- 
onion with the celebrated Dr. Black, we are 
| indebted for. this doctrine) has diſcovered a 
method by which the capacities of bodies may 
be determined by experiment. If, far example, 
I would know the proportion of the capacities 
R of two liquids, I heat one of them, and pour 
it on an equal weight of the other while cold, 
having previouſly noticed the difference of their 
remperatures. If the capacities are equal, the 
heat of the mixture will be in the mean be- 
tween the temperature of the two liquids before 
mixture; as was before obſerved” to happen, - 
| when water is mixed with water. But if their 


capacities are unequal, the heat of the mixture 
will vary from the mean in proportion to that Pk 
difference, as was obſerved to be the caſe on | 
mixing water with linſeed oil; the capacities C 
which are to one another very nearly in tze | 
Proportion of 2 to 1. To theſe experiments 

however, it is neceſſary that the ſubſtances 

ſhould have no chemical action on each other: i 
that is, they ſhould produce neither heat nor . 
| cold, when mixed. together at like mn 0 


Not only different bodies have differest ca- 


. * N but even that of the ſame body is va- 
* 41 g Te | Dy Y riable, Ry, 
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riable, according to the ſtate which it happens 
A do be in. When water freezes, its capacity be- 

comes /e/s than 1t was during the fluid ſtate ; and 


on the contrary greater, when it is turned into 


| vapour, The ſame rule holds you with other 
) ſubſtances. 


When the capacity of a body happens to be 
altered, it is evident that its temperature will 
be affected in proportion thereto. Thus, if the 

capacity be ſuddenly increaſed, the body will 
become colder than before; and if diminiſhed, 
hotter. Accordingly we find, that heat is ge- 

-- nerated bythe congelation of fluids; and cold, 
by their evaporation. Cold is a conſequence of 
the tranſition from a ſolid to a fluid ſtate z and 
heat, of the condenſation of vapour. 


When water is mixed with oil of vitriol, a 
great degree of heat is produced. The capa- 
city of the mixture becomes leſs than the ſum 
of the capacities of the ingredients before mix- 
ture; of courſe the fire which they contained, 


muſt occaſion the temperature of the mixture to 
be higher. 


On the contrary, when ſnow is mixed with 
ſpirit of nitre, the capacity of the ſolution be- 
comes greater than'the ſum of the capacities of 

the ingredients before mixture. The quantity | 
of 225 which they contained becoming now too 
little, 
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little, the temperature muſt fink in | 
thereto. The like may be obſerved of the other 


inſtances of heat and cold generated by che- 
mical mixtures. | 


The row of "tl capacities of bodies 
may depend on different arrangements of theit 
particles, or on other circumſtances, with which 
we are not yet properly acquainted. But by 
obſervations related in a baok *, publiſhed by 
the author of this work, hut more particulars 
ly by the experiments of the ingenious Dr. 
Crawford, it appears that, in ſame caſes, pÞlo- 
giſton cauſeth this difference in bodies. Bodies 
which are freeſt from that principle have (as 
leaſt in many inſtances) their capacities greater 
than thoſe which contain it in greater propor- 
tion. Thus oil contains more phlogiſton than 
water, and its capacity is found to be leſs. The 
like may be obſerved of metals, and their calces; 
of ſulphur, and the vitriolic acid; and in other 
caſes of — and dephlogiſticated 
bodies. | 


Hence if the Poets be fappoſed to be 
ſuddenly taken from oil, irs capacity will be in- 
creaſed. The quantity of fire which it con- 
tained will no longer be ſufficient to keep it at 
the ſame temperature as before. It will there- 

bs 2 fore 
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ture between them again obtains, 


| CHEMISTRY. | 
fore become colder ; and of courſe will imbibe 
fire from the ſubſtances around, till it returns to 
an equal temperature with thoſe ſubſtances. 


On the contrary, if the phlogiſton be ſup- 
poſed to be ſuddenly reſtored, the capacity will 
be leſſened. The fire which / it contains, will 
raiſe it to an higher temperature than before; 
and therefore it will co icate heat to the 
Il an equality of tempera- 


The ſame quantity of phlogiſton combined 
with different bodies, affects their capacities in 
different proportions. Thus, if the phlogiſton 
of oil be transferred to air, the capacity of the 
latter will be more diminiſhed than that of the 


former is increaſed. The heat generated by the 
combination therefore, will be greater than the 


cold produced by the decompoſition; and on 


this principle we account for the heat in the 
combuſtion of oil, and other ſubſtances. 


The elaſticity of air depends on heat. For 
if the heat be increaſed, the elaſticity is increaſed. 
If the heat is diminiſhed, ſo is likewiſe the elaſ- 
ticity. If therefore air were ſufficientlyeprived 
of heat, its particles would probably become 
coherent, like thoſe of water, and other ſub- 
ſtances. ; | | 3 8 


The 
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Ihe effect of fire on the particles of bodies 
therefore, is to give them a repulſive power. 
Thus, if two or more particles be in contac̃t, 
cohering with each other, and heat be ap- 
lied, the repulſive force which they acquire in 
conſequence thereof, will oblige them to quit 
each other. Hence the expanſion of bodies by 
heat. The particles while within their ſpheres of 
coheſion will reſiſt the action of heat more, as 
their attractive or cohering forces are ſtronger, X 
But when the heat becomes ſo great as to urge 
them beyond thoſe ſpheres, they will become 
elaſtic like air; the repulſive force which they 
acquire from the heat, overpowering that of 
their attraction. This is the reaſon that particles 
are ſeparated from each other, or volatilized by 
heat. See alſo what was ſaid of the three ſtates of 
bodies in the former part of this chapter“. But 


G3 independently 


I once formed a ſuppoſition that the particles of bodies had 
two ſpheres of attraction or coheſion, one within the other: the 
inner and ſtronger one, I called the ſolid cohering force; the outer 
and weaker, the fluid; that while the particles were mutually 
within the 3 the body which they compoſed was ſolid, or 

hard; and that when they were forced into the latter, it became 
fluid; that from the ſtructure or denſity af theſe ſpheres, 
the capacity of the body was neceſſarily leſs when the particles 
were mutually within the ſolid ſpheres, than when forced into 
their fluid ones, and leaſt of all when rendered elaſtic. That the 
diameters of theſe ſpheres, in different kinds of particles, might 
be in different proportions to each other, as might alſo their forces, 
and the ratios of theſe forces. By varying theſe ſuppoſitions, many 
af the phænomena relating to theſe ſubjefts ſeemed to be pretty 
naturally accounted for. But this is a mere hypotheſis. 


"oe 
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independently of their cohering forces, the par- 
ticles of bodies ſeem to be ſome more, and 
others leſs, capable of being made repulſive by 
heat, Thus different kinds of air are capable 
of being differently expanded by equal degrees 
of heat, though the particles in this caſe are 
. without the ſpheres of their n forces. 


The uſcs and clfelts of fire, or heat, in che- 


mical operations, will be conſidered in the next 
Fon. 
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AVING given an account of ſuch che- 
mical ſubſtances and agents as required 
explanation, we may proceed to the ſubject of 
chemical operations: and it will be moſt proper 
and natural to conſider thoſe firſt which * 0 
merely on heat. P 1 


4 0 
- 


It muſt however 2 DOES oat that I do SN 
not make it my buſineſs in this work to treat of 
the practical part of chemiſtry ; the pheloſophy 
of that ſcience was all that I propoſed; and even 
no more of that than might be ſufficient to 
enable the reader to enter, in a MORE GENERAL 
MANNER, into theſe uſeful and entertaining 


ſtudies, a * | 
CHAT TER I 
OF VOLATIL1Z ATION. 


Y this term we underſtand that part of che- 


miſtry, which treats of the ſeparation: of 
volatile from fixed ſubſtances; that is, the ms 
compoſition of bodies, by heat alone. | 


If a volatile ſubſtance, as water, be 8 
00 a fixed one, ſuppoſe fixcd alcali, they may 
G 4 be 
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be ſeparated by putting the mixture into a pro- 
per diſtilling veſſel, and applying a ſufficient 
heat. For the water will be raiſed into vapour 


and diſtil! into the receiver, leaving the alcali at 
the bottom. 


A greater pad however will be 1 than 
if the water had been diſtilled alone, becauſe 
the water is attracted by the ſalt; and the heat 
in theſe caſes is required to be greater according 
as the attraction is ſtronger, ſo as to overcome 
that attraction, 


Tou will find by. the 3d 3 of the former 
a that green vitriol is a compound of vi- 
triolic acid and iron. But a proper degree of 
heat forces over the acid (together with ſome 
water which the vitriol alſo contains) in the 
form of ſpirit of vitriol, the iron remaining in 


l the farm of colcathar behind, 

4 Hartſhorn is a mnbingcion of animal earth, 

F volatile alcali, pil, water, fixed air, c. Heat 

forces over all the volatile ingredients, leaving 

1. the earth behind, 

in x 4 

| 80 cuniacom, wood 3 is Canon, of q ve- 
| 14 Sabi earth, ſalt, acid, water, air, and oil. By 
i | the application of à ſufficient degree of heat, 

it Haim the latter ingredients being volatile, are ſepa- 
1 * rated in vapours; the earth with the fixed alca- 
| Ie ſalt remaining 02 The like may 

ft obſerved\ 

| 


a 
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obſerved of other animal and vegetable, and dof 
my" * the mineral ſubſtances alle. Ati En 3612 


In * however where. the 4 — of the | 
ingredients is very ſtrong, this decompolition 


cannot be effected by our fires. For example, 


vitriolated tartar is a combination of the vitrio- 


lic acid with fixed alcali. The acid, though vo- 
latile, cannot be ſeparated from the alcali by 


the utmoſt force of our furnaces, by reaſon that 


it is ſo ſtrongly attracted by the alcali. The * 
like may be obſerved of ſome other ſubſtances . 


*. 


In the We laſt mentioned, the! power of 
the fixed ingredient fixes alſo the volatile one. 


There are others, in which the volatile one vo- 


latilizes alſo the fixed. Thus, ſedative ſalt of 
Homberg is fixed. But if it be combined with 
water, the water carries it up with itfelf in va- 
pour. Iron is, in like manner, volatilized by 


ſal ammoniac. 


If ſubſtances of different i be mined 
together, and have but little or no attraction for 
105 other, the moſt volatile may be driven over 


in diſtillation; leaving the other, or others, be- 


hind; provided only ſuch a degree of heat be 
applied, as is juſt ſufficient to raiſe the former 


in vapors, but not the latter. Thus, if water 


and ſpirit of wine be mixed together, both which 
5 he rr OR are 
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are volatile, the ſpirit will rife "4 the water 
not till the heat becomes greater. In like man- 
ner, water may be raiſed from ſpirit of vitriol; 


the acid, being more fixed, remaining concen- 


trated behind. So volatile alcali may be ſepa- 
rated from water; eſſential oils from thoſe of a 


more fixed nature: And hence alſo, the matters 


obtained by diſtilling hartſhorn, guaiacum, and 
other ſubſtances, may be ſeparated from one an- 
other, as you find by n proceſſes in chemical 
books. 


But in caſes where the principles ſtrongly at- 
tract each other, they will not be ſeparated, but 
both riſe together in their combined ſtate. 
Thus, the marine acid and volatile alcali, aye 
both volatile; but the latter more ſo than the 
former. Yet heat does not ſeparate them, as in 
the caſes laſt mentioned, but they both riſe to- 
gether in the form of ſal ammoniac. So fulphur 
and quickſilver riſe together in the form of cin- 


nabar; and the 1 5 happens in many other 


inſtances. 


If in a ſubſtance to be diſtilled, oil and water 
are contained, they may both be driven over 
into the receiver; and as they will not mix, the 
oil will either float at top, or ſink to the bot- 
tom, according as its ſpecific gravity is greater 
or leſs; and therefore they may be ſeparated by 
filtration, or other mechanical methods contrived 


/ for 
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for that purpoſe. Hence eſſential oils are ob- 
rained by diſtillation. And the like may be ob- 
ſerved of other matters, which will not mix; as 

of quickſilver and water, water and phoſ- 
phorus, Sc. Hence though the matters may 
be of different volatility, yet the neceſſity of the 
mode of ſeparating them roms eng: is, ga 
caſes, fuperſeded. 775 


Ic ſhould be obſerved, that air has ſome ſhare **; 
in the buſineſs of volatilization. Thus, water | 
placed in vacuo, evaporates with much greater 
difficulty than when the veſſel contains air, or 
when in open expoſure to that element. The 


air in this caſe acts as a menſtruum, or ſolvent. 
See alſo what was ſaid on this . * 


chapter on Air. 
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INE of the moſt- uſeful ies of * 
miſtry depends on the doctrine of men- 
ſtrua. The extracting of tinctures, decoctions 


5 3 to effect 3 one of the ſab- 


— at leaſt muſt be fluid. The fluid ſub- 


ſtance is called the ſolvent or menſtruum. 


There are ſome bodies which diſſolve intirely 
in certain menſtrua. Thus ſugar wholly diſ- 


ſolves in water; camphire is totally diſſolved 


by ſpirit of wine; wax diſſolves intirely in oil; 
and quickſilver in ſpirit of nitre. In many in- 
ſtances, theſe ſolutions may be made in the uſual 
temperature of the atmoſphere. Others require 
heat to diſſolve them; but in all theſe caſes, 
agitation greatly facilitates the ſolution, as by. 
it the unſaturated parts of the menſtruum are 
applied to the ſubſtance to be diſſolved. This 
operation depends on the principle of attraction, 
already ſpoken of. Thus ſpirit of wine diſſolves 
camphire, becauſe there is a mutual attraction 
between the particles of theſe ingredients. But 
camphire is not diſſolvable by water, for want 


of 


SC CHEMISTRY. ' of 


of ſuch mutual attraction. Spirit of wine ee 
| tore i is a menſtruum fr yy Water not. 
660M 

ofa moſt 1 erg 9017 pet -of tha w—_ 
ciples of which a body is vompoſed are ſoluble 
in any one menſtruum; for example, aloes con- 
liſts -of two different ſubſtances or principles, 
a reſin and a gum; ſpirit of wine diſſolves reſin- 
ous ſubſtances, but will not touch gummy ones. 
If, therefore, it be required to extract the reſin 
from the aloes, it muſt be digeſted in ſpirit of 
wine. The reſin will be diſſolved, the gum 
remaining behind. But gummy ſubſtances are 
_ diſſolved by water. Hence, if it be required to 
extract the gummy part from the aloes, water 
muſt be uſed: when therefore tinctures are ex- 


tracted from ſubſtances with pure ſpirit of wine, 


it is with a view of obtaining their more oily or 
reſinous parts. Hence, the tinctures of aſſafœ- 
tida, guaiacum, balſam of Tolu, and the like. 


On the contrary, when water is employed, 
whether in the way of infuſion or decoction, it 


is with deſign to extract the ſaline, gummy, ge- 
latinous and mucilaginous parts; of all which 


water is a ſolvent. 


By treating any ſubſtance therefore, firſt with 
ſpirit of wine, and afterwards with water, or firſt 
with water, and afterwards with ſpirit of wine, 
we extract from it both its reſinous and ſaline 
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and gummy parts. If the ſubſtance contains 


no other than theſe (as is the caſe with aloes, 

affafcetida, &c.) it will be totally diſſolved. But 

it alſo cantains earthy, or other matters, not 

foluble in thoſe menſtrua, thoſe parts will re- 
main behind. 


£ 15 however, water and ſpirit of wine be mixed 
together, they will not always diſſolve thoſe 
ſubſtances which are wholly ſoluble by them 
when applied ſucceſſively, - becauſe they then 
weaken each other's attractive or ſolvent virtues. 


Thus, water and ſpirit of wine will not diſſolve 


aloes, aſſafœtida, &c. The tincture, however, 
which is extracted by this mixture, partakes 
both of gummy and ſaline, and of reſinous parts, 


though in a leſs degree than when: employed 


e 


For the ſame reaſon, if the tinctures drawn 
by thoſe menſtrua ſeparately, be mixed to- 


gether, they will nat incorporate into a clear 
tincture; but becauſe the forces of the men- 


ſtrua are mutually weakened, they each let go 
part of what it before retained; the mixture 
in courſe becomes $976 fk and a precipitation 
enſues. 


- 


Heat increaſes the diſſolving power of men- 


ſtrua, and in ſome caſes gives that power where 
it did not before e Hence many ſpirituous 
tinctures 
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tinctures are directed to be drawn with heat; 


and watery ones are moſt generally made either 
with hot water, or by actual boiling. 


In many cafes, the part of the ſubſtance diſ- 
ſolved carries with it into the tincture, infuſion, 
or decoction, many particles of the ſubſtance, 
not naturally ſoluble in that menſtruum. Thus, 
vine extracts part of the reſin from opium, which 
it lets go again in time. Water draws out not 

only the ſaline and gummy, but alſo great part 
of the reſinous, and even woody parts from bark; 
but lets them fall to the bottom, in great mea- 
ſure, after ſtanding a ſufficient time. Thus alſo 
water diſſolves gum ammoniac, aſſafœtida, &c. 
into milky, or otherwiſe turbid liquors. The tur- 
bidneſs ſhews the tincture to be imperfect ; and 
ariſeth from the reſinous parts ſtill held by the 
ethers, which the water diſſolves, and which, 
therefore, is rather a mixture than a tincture, 
and will, in time, ſeparate. Oil is in like man- 
ner mixed imperfectly with water, by means of 
an alcali; the water diſſolving the alcali, and 
that ſtill retaining the oil. Hence the turbidneſs 
or milky appearance of that mixture. 


In common diſtillation, the water uſed for 
diſtilling ſimple waters, and the ſpirit of wine 
employed in the diſtillation of ſpirituous ones, 
act alſo as menſtrua. Ia the former caſe, the 
Wien * of the vegetable ſubſtance are dif- 

folved 
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ſolved in, and carried over by, the vapour of 


ner extracted and carried over by the vinous ſpi- 
rit. Theſe therefore may alſo be conſidered in 
the light of infuſions or decoctions, and tinctures; 
the only material difference being, that in or- 
dinary decoctions and tinctures, the more fixed 
parts of the ſubſtance are alſo retained by the 
menſtruum; in diſtillation, only the volatile ;* 
Parts. 3 — 


* 


N 35 * 
Any other fluid that acts on, and diſſolves 


the whole, or any part of a ſubſtance, may 
alſo be conſidered as a menſtruum. Thus, oils 


menſtrua to metals, earths, &c. Air is a men- 
ſtruum to water, and other matters; by which 
means their volatilization is alſo facilitated, as 
hath been obſerved. Subſtances reduced to va- 
pour, or air, even act more powerfully than in 


wine will not form ether, unleſs mixed together 


in a vapoury ſtate; and there are e inſtances 
of a like nature. 


Fre rom hence it appears, that the decompo- 
 fition of bodies by means of menſtrua, forms an 
extenſive branch of chemiſtry ; and it has this 
excellence, that the virtues of animal and vege- 


a fluid form. Thus, ſpirit of ſalt and ſpirit of 


* table 5 * 


the water: in the latter, the reſinous, or thoſe 
depending on the eſſential oil, are in like man- 


are menſtrua to many ſubſtances which water . 
and ſpirit of wine will not touch. Acids are 
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table ſubſtances may be extracted, at leaſt by 
Water and ſpirit of wine, without alteration, ” 

which is not commonly the caſe with operations  _ © 
by the retort. For example, by the retort all Wh 
vegetables yield nearly the ſame principles, viz. 
oil, an acid, water, fixed alcali, and earth; and 
the like may be obſerved of the diſtillation of 
animal ſubſtances by the ſame method. But by -__ 
means of water, and ſpirit of wine, as above, 


, their reſpective virtues may be obtained unal. 
tered. The like holds good with extracts, as . == 
| will-be ſeen in the next chapter. Ic | 2 
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"CHAPTER m. 


OF EXTRACTS. 


HE doctrine of extracts, e the 

ſtrict ſenſe of the word, depends on the 
two preceding heads of: votre and men- 
Row 


Ethel may be divided into . Was 
tery, &c. according to the nature of the men- 


ſtruum employed, and of the extract to be made. 


A reſinous extract is drawn by means of 
vinous ſpirit; for example, if I would extract the 
reſinous part of aloes, bark, or any other ſub- 
ſtance, I bruiſe the ingredient and infuſe it in 
rectified ſpirit, with a proper degree of heat, 
agreeable to what was delivered in the laſt chap- 
ter : I then decant, or filter the liquid; and as 
the ſpirit is more volatile than the reſin, it may 
be raifed from it by evaporation, or by diſtil- 
lation, as may be underſtood from what was de- 
 livered in the gth chapter; the reſin remaining 


at the bottom. 


— 


If I would extract the ſaline or gummy mat- 
ter from a ſubſtance, I boil or infuſe it in wa- 
ter, and afterwards diſtil or evaporate the water 
by a proper degree of heat; the extract, * 
leſs volatile, remaining behind. 


I 
2 
4 
* 


41 
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As ſpirit of wine evaporates with: leſs: heat 
than water; extracts made by the farmer contain 


more of the volatile parts of the ſubſtance, than 


thoſe made by the latter. For though you may 
obſerve, that in am extract or renn only the more 


fixed parts of che ſubſtance can be fetained. the 


volatile ones flying off in evaporation; yet the 
more of thoſe volatile parts that can be retained, 
the more of the virtue of the ſubſtance will the 


——_—— 


medicine contain. Hence the ſlower che ON 
_— proceeds, the Nu, will the extra be, 


15 order that it may contain as m—_ as 555 


ible of the virtue of 2 ſubſtance, the gammy 
and ſaline, and the reſinous parts are, in fome 


- Caſes, directed to be ſeverally drawn with water, 


and ſpirit of wine. Thus, in ſome recipes, a 


_ tincture is directed to be drawn from bark with 


ſpirit of wine, in order to extract the reſin, and 


the bark to be afterwards boiled in water, to get 
out the other principles. Theſe tinctures, or 


rather the extracts made from them when nearly 


reduced, are then directed to be mixed together; 


ſuch an extract therefore contains both the re- 
ſinous and faline-mucilaginous principles; or, 
in other words, the whole virtue of the bark, 


By proper management an extract ſimilar to 


the above may be drawn with water alone, 


Fhus, a ſmall quantity of water is added to 
opium, only ſufficient to make it into a pulp; the 
| H 2 gummy 


— 


%. 
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gummy and ſaline parts are hereby ſufficiently 
diſſolved: At the ſame time the reſin is melted 
by the heat, and as the mixture is thick, does 
not ſeparate, but is entangled by and blended 
with the other parts, ſo as to paſs the ſtrainer 
together. A due degree of heat afterwards re- 
duces it to its proper conſiſtence. 


Any liquid ſubſtance, vegetable juice, &c. 
properly evaporated, may alſo be called an ex- 
tract. Thus the juice of elder-berries evapo- 
rated, called rob of elder, is an extract. Sugar 
of lead, extracted from ceruſe, or litharge by vi- 
negar, and then evaporated, is an extract; and 
ſo of others. 5 


BC 
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ECE TABLE N animal bobtanees 
only are ſubject to this proceſs. There 
are ſeveral ſtages of it; all of which vegetable, 
but not animal ſubſtances, may undergo. 8 
B termentation, the particles of the com- 
pound ſuffer a new arrangement; ſo that the 
properties of the ſubſtance vechene Der 1 
from what they were before. on 


If a vegetable juice (of grapes, for example) 
be fermented, it will yield on diſtillation, in- 
flammable ſpirit, which the muſt did not yield 
before fermentation, This is called the vinous 
fermentation. | 


If the ſame liquid be farther fermented, it 
yields vinegar, which could not be obtained from 
the liquid before, either in its original or vinous 
ſtate. This. therefore is called the acetous fer- 
mentation, 


The third ſtage of fermentation, is putre- 
faction; by which the ſubſtance is converted 
firſt into a mucilage, and afterwards into cal- 
careous earth, marine, and other acids, and vo- 
_ latile alcali; which eſcaping with a portion of 

1 oily 


HE 
| x 
7 y 
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oily matter, occaſions the 8 ſmell Ur 
riſing from pu irifying ſubſtances. 


Animal ſubſtances can only paſs Plough the 
latter ſtage, and therefore havę ea: Wy 
| CAL, the former, 13 


A quantity of fixed air eſcapes "Phi the Py 
menting ſubſtances during their firſt * ſtages ; 
but in putrefaction, inflommable air alſo ariſeth. 
In all fermentations therefore, not only new ar, + 
rangements of the particles take place, but part 
of them are ſeparated, and fly off, 


SECTION 


©, 


SECTION ut. 


EFORE 1 3 


the following, taken from the writings of the 
ingenious Dr. Fordyce; to which we are alſo 
indebted for the chapter on fermentation. 


5 — 9 : F 133. * 
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© 
PORDIRNTION Is OF TWO KINDS; MECHANICAL 


AND CHEMICAL, 


Mechanical combination is alſo oft two > kinds. 
Firſt, Mixture; when the particles of one of the 
bodies attract one another ſtronger than they 
do thoſe of the other. In this caſe, if they be 
both fluid, the one which is leaſt in quantity, is 
broke down into ſpheres ; as oil is when mixed 
with water, 


| Secondly, Diffuſion j when the particles of 8 4 


of the bodies attract thoſe of the other. In this 


| caſe they intermix equally, Thus, ſolution of 
blue vitriol mixes uniformly with water, 


In mechanical combination, the properties of 


the elements remain exactly the ſame as before 


the mixture; and the properties of the eee 
| depend on them, 


. | 4 When 


9 * 
= 
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ſection, it may not be improper to premile 


When the bodies are of 

vity, they remain mixed froh friction; and the 

attraction of the particles ſof the one in the 
largeſt quantity, to one anoſher. 


But in chemical combination, the ſubſtances 
unite by an attraction which gakes place between 
themſelves, without any ext rnal . 


A particle of each cle 
as to form but one particle 
nically. Thus nitrous acid, 


conſidered mecha- 
d fixed vegetable 


mechanically as one ſimple ſubſtance. 


| The properties of the conſpound do not = 
| pend on the properties of ws elements. 


ſtances ſo combined, 


A compound may become an element. Thus, 
vitriolic acid and phlogiſton form ſulphur. But 
ſulphur with fixed alcali, forms hepar ſulphuris; 

© io that in this caſe the ſulphur, though a com- 
pound of two other principles, is Sym an TD 
ment of the N we 4 
Vas 

Elements remain combined' from the attrac- 

tion which takes place between them. 
1 (75 3] 1 —_ 
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rent ſpecific gra- 


unite together ſo 


_* alcali, form nitre; which ; ph be conſidered 


No mechanical power Cal ſeparate the ſub- 
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ACID, 


Vitriolic Acid 


IMarine Acid 
Acetous Acid 
Fixed Air 


5. FIXED YEGETAB 


Nitrous Acid 


Vitriolic Acid 
Nitrous Acid 
IMarine Acid 
[Vegetable Acid 
Fixed Air 


9. EARTH OF a 


Water 
Eſſential Oils 


| 13. SPIRIT OF WI! 


4. Ackrous 
4 Fixed Alcali | Tae Solub. 
4 | [Volatile Alcali Spirit 
Magneſia 1 
gimony 1 | Sacc. Saturn. 
Copper Cryſtal. V 
| I Subl. [Water Vinegar *® 
nuum 
[ 3 
8. CALCAREOUS EARTH. | 
| Fitriolic Vitriolic Acid | Selenitis [ 
itrous INitrous Acid Nitrous] 
ommun. Marine Acid | Liquid ſhell | 
egetabil. Vegetable Acid 3 
Alcali Fixed Air Quick Lime 
Water | Lime Water 
lt 12. SULPHUR, 
5 al 
11 Air [Fixed Alcali | Hepar _ 22 
| Abſorb. Earth Re 
1 Volatile Alcali | | 4 
[ron 5 | 
|. Reg. of Antim. Antimon 
| Mercur, | Cinnabar | 
| | Ke 2 - 
p 16. PURE AIR. 
klogiſton Phlogiſticat. Alt 
ire ? 2 
lcali 4 
Alcali > 
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Magneſia | Cath. Amar, 
inc | Vitriol Alb. 
n Virid, 
Copper > Czrul. 


pe Vitrioli 
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2. NITROUS ACID. 


Ammon. Vitriolic 


Phlogiſton Nitrous Air 

Fixed Alcali Nitre 
Volatile Alcali | Sal Ammon. Nitn 
ron , | 

Copper | 

Silrer Lunar Cauſtic 
Water Sp. Nitri 


5. FIXED VEGETABLE ALCALI. 


Vitriolic Acid bs Vitriolat. 
Nitrous Acid we” 
Marine Acid al Digeſtivus 
Acetous Acid artar R err 
Fixed Air ild Fix 


11. 
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6. FIXED FOSSIL ALCALI. 


Sal Glauberi 
Nitrum Cubicum 


Vitriolic Acid 
Nitrous Acid 


Marine Acid Common Salt 
| [Vegetable Acid | Rochel Salt 
ixed Air Mild foffil Alcali 


1 


9. EARTH OF MAGNESIA, 


IO. METALS, 


4 


{Vitriolic Acid Epſom Salt Marine Acid | 89 5 
Nitrous Acid 4 Vitriolic Acid #i% 
Marine Acid '2 Nitrous Acid 3 
Vegetable Acid 'E | Acetous Acid "a 
Fixed Air Magneſia 5 | 
% 
þ | 
| 13. SPIRIT OF WINE. 14. WATER — 
Water I Spirit. Vin. ten. Spirit of Wine we. 
Eſſential Oils Eſſences olatile Alcali | Sp. of g Ammoni 
N ; „ 
3 . 
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4+ ACETOUS ACID. 


Air Fixed Foſſil Alcali Common Sl Fixed Alcali | Tart. Solub. 

| Calcareous Earth Liquid ſhell Volatile Alcali | Spirit 
mon. Nitros|Volatile Alcali Sal AmmoniSs Magneſia * 

| Regulus of Antimony | Butter of Antimony Lead | Sacc. Saturn. 

| Silver Luna Cornua ne: Cryſtal. V 
Cauſtic Mercury | Merc. Corrof. Subl. Water Vinegar * 
tri Lead - Plumbum Cornuum ns ra Ih 
Water Spirit of Salt, | A 
4 L — 
ALI. 7- VOLATILE ALCALI, 1 8. CALCAREOUS EARTH. 
zuberi Vitriolic Acid | Sal UNTIL itriolic Vitriolic Acid Selenitis | 
Cubicum [Nitrous Acid — 1 Nitrous Acid — Nitrous} 
Mn Salt Marine Acid — Commun,|Marine Acid | Liquid ſhell | 
Salt [Vegetable Acid | ——-- Vegetabil.|VegetableAcid. 
fil Alcali Fixed Air Mild VolatilgAlcali Fixed Air Quick Lime 

a Water Lime Water 
11. PHLOGISTON. 2. 12. N 

9 | WET Phlogiſticated Air Fixed Alcali H - | 
* Ivitriolic Acid Sulphur Abſorb. Earth * MY 
„ Phoſphoric Acid Phoſphorus Volatile Alcali 1 5 
12 Metallic Calces Metals Iron .* 1 

| Veget. & Anim, Earth | Coal Reg. of Antim, | Antimony J©. 
\ | Mercury Cinnabar | 
1 | 15+ FIXED AIR, ; 16. PURE AIR. 

Calcareous Earth Chalk hlogiſton Phlogiſticat. Air 
1 Earth of Magneſia Magneſia ire $ 

| Fixed Alcali Mild Fixed Aleali 4 

| Volatile Alcali Mild Volatile Alcali > 5 
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* 


: . 0 * 


—— — — 4 ” — I SET ICS 


Fr 
; 


CHEMI/S TRY. 295 


or CHEMICAL COMBINATION AND DECOM- 
. POSITION, | 


The later writers on chemiſtry have comprized 
almoſt the whole of this branch of the ſcience into 
a brief ſynopſis, which they call the Table of Af. 
finities, or Elective Attractions; wherein the ſeveral 
ſubſtances are diſpoſed according to the relations, 
or attractions which they have to each other, 
and on which the operations of chemiſtry for the 

moſt part depend. The annexed ſcheme con- 
tains as much of theſe tables as was judged ne- 
ceſſary to the preſent purpoſe. To underſtand 
this table, you muſt obſerve, that the ſubſtance 
at the top of any column, combined with either 
of the ſubſtances beneath it, form the compound 
wrote againſt the latter on the right hand. Thus 
vitriolic acid, and fixed vegetable alcali, form 
vitriolated tartar. And you are farther to obſerve, 
that the ſubſtance at the top of a column is ca- 
pable of attracting and combining with any of 
the ſubſtances underneath it, but that the com- 
bination is weakeſt with thoſe ſubſtances which 
are at the greateſt diſtance. Alſo when any one 
of the ſubſtances in a column is combined with 
that at the top of that column, any of the ſub- 
ſtances above it will, by means of a ſuperior at- 
traction, unite with the latter, and expel the 
| Former, 


For 


# 


r 


* 
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For example; ; it will be ſeen by the lira 
column, that ſpirit of wine will unite with eſſen- 
tial oil. Thus, oil of peppermint, mixed with 
ſpirit of wine, forms eſſence of peppermint. But 
water is above eſſential oil in the column, which 
ſnewys, that there is a ſtronger attraction between 
ſpirit of wine and water, than between that ſpirit 
and oil. If therefore water be added to eſſence 
of peppermint, the ſpirit will let go the oil, to 
combine with the water. Hence we find, that 
when eſſence of peppermint is mixed with water, 
a milky appearance enſues, occaſioned by the 
ſeparated oil; which, after a while, riſes to the 
RECs leaving the liquid beneath it clear. 


Having thus given a general idea of the table, 
and doctrine of affinities, or elective attractions, 
I ſhall proceed to the ſubject propoſed. In each 
proceſs, I ſhall mention, as far as may be neceſ- 
ſary, the circumſtances or conditions requiſite 
to be obſerved; and as vitriolated tartar is one 
of the moſt obvious inſtances of chemical com- 
bination, I ſhall begin with it. 


This neutral falt is compoſed of vitriolic acid, 
and cauſtic fixed vegetable alcali, as you will 
find by the table, in the columns for thoſe prin- 
ciples. But vitriolic acid is not to be met with 
pure. The moſt ſimple that we have, is com- 


| bined with water, in the form of ſpirit of vitriol 


the alcali however, may be had pure, Thus, 
Ws the 
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che lapis ſepticus, or potential cautety, is the 
pute fixed vegetable alcali. If this alcali be 
added to the ſpitit of vitriol, it will attract the 
acid from the water, or in other words, the par- 
ticles of the acid, being more powerfully attract 
ed by the particles of the alcali than by thoſe of 
the water, will quit the latter to combine with 
the former. If only juſt as much alcali be added 
as is ſufficient to ſaturate the acid, the mixture 


will contain nothing but vitriolated tartar, and . 


water; the water may be evaporated by heat, and 
the neutral ſalt will remain behind; or if it be 
required in ctyſtals, the evaporation may be only 
carried on in part, and then the mixture ſet in a 
cool place, for the cryſtals to ſhoot, as directed 
jn books of practical chemiſtry, 


When theſe ingredients are mixed in ſuch 
proportions as perfectly to ſaturate each other, 
the acid will have loſt its ſour taſte, and the 
alcali its acrid one. This mutual loſs of taſte, 
is a very remarkable circumſtance. Oil of vitriol 
is the moſt cauſtic of all acids, and has perhaps, 
the ſtrongeſt taſte of any other known ſubſtance. 
The taſte and cauſticity of the alcali are almoſt 
as great. Both of them pain and burn the fleſh 
jn a manner almoſt ſimilar to fire, Yer when 
theſe two principles are combined, they form a 
ſubſtance which has hardly any taſte, or none 
refembling that of either of the ingredients. This 
s of 9 is generally POP IO to the force 

Vith 
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with which the- ingredients combine. Thus vi- 
triolic acid and water, or oil of vitriol, has a 
very ſtrong taſte. If it be combined with vola- 
tile alcali, its taſte is weaker, becauſe i it attracts 


that ſubſtance more powerfully than it does wa- 


ter, or exhauſts on it more of its attracting force. 
If it be combined with fixed alcali, as above, the 
taſte is ſtill leſs; and if with phlogiſton, as in 
ſulphur, its taſte is entirely loſt. Its attraction 

to phlogiſton is ſo ſtrong, that it ſeems to exert 
its whole attractive power on it, and therefore 
with its loſs of attraction, loſes its taſte; for taſte 
being cauſcd by the attraction between the tongue 
and the ſubſtance: applied to it, if the ſubſtance 
has no attractive force remaining, it can have no 
taſte. | 


'So again, the cauſtic fixed alcali has a very 
powerful taſte, When it is combined with fixed 
air, as in the mild vegetable alcali, the taſte is leſs, 
When with the muriatic acid, as in common ſalt, 


it is ſtill weaker, and when with vitriolic acid, 


as above, leaſt of all; its taſte being leſs, as the 
force of its attraction is more exhauſted, This 
rule may be applied to other acids, alcalis, and 
earths. There are, however, ſome exceptions 


to it, which yet perhaps may depend on other 
cauſes. Thus, nitre has a ſtronger taſte than 


ſoluble tartar, and tart. vitriolat. than ſelenitis, 
though the attractions of their reſpective ingre- 
dients are the reverſe; as may be ſeen by the table. 

< — Vitriolated 


N 
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vitriolated tartar" may be made, not only in 


the manner deſcribed- above, but with many 
ſubſtances which contain' the two' ingredients of 


which it is compoſed; and the ſalt may after- 
wards be extracted from then mixture 577 CRE 


art. Fe or . 


ld fixed alcali is a combination of the pure 


fixed alcali with fixed air. Tf this be uſed inſtead 
of the pure, the alcali will quit the fixable air” 
with which it is combined, and unite with the 
acid, by which it is more powerfully attracted. 
The air thus let go by the alcali, reſumes its 
elaſtic ſtate, and by its flight cauſeth an effer- 
veſcence in the liquid. What remains is the 
ſame mixture of vitriolated tartar and water as 
in the former proceſs, and the ſalt may be ob- 
rained from it in the ſame manner. 


Green vitriol is bent of vitriolic acid 


with iron. If cauſtic fixed alcali be added to this 


compound, the acid quits the iron to unite with 
the alcali, by which it is more powerfully attract. 
ed; the iron will ſettle at the bottom in form 
of a powder, from which the clear liquor may 
be poured off, and the ſalt may be ſeparated 
from the water in the manner already deſcribed. 


The like may, be obſerved of the other vitriols, 4 
of alum, and of Epſom ſalt. 


But 
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But it is worthy of remark, that if this laff 
ſubſtance, and mild fixed alcali be uſed, the 
fixable air of the latter will not fly off in its claſtic 
ſtate in the manner deſcribed above, but unite 
with the magneſia ſeparated from the Epſom ſalt 
by the alcali, ſo that there will be two new com- 
pounds formed. The Epſom falt is vitriolic 
acid combined with magneſia; the acid, uniting 
with the alcali, forms vitriolated tartar; and 
the magneſia, uniting with the fixable air, forms 
due common mild or uncalcined magnelia, for 
4l it muſt be obſerved, that the: calcined, is the 
I pure magnelia, the common is magneſia combined 
= with fixable air, like the mild alcali. The ſame 
double decompoſition takes place when ſelenitis 
and mild alcali are uſed, and in many other caſes, 
and this is called double affinity, or double electiue 
attraction, as the former js termed fingle, becauſe 
there are two new compounds produced in the 
latter cafe, and only one in the former. 


| Again, nitre is a combination of fixed vege- 
table alcali with nitrous acid, as you will find 
by the table, But if oil of vitriol be added, the 
| alcali will quit the nitrous acid to unite with the 
_ . vitriolic, by which it is more powerfully attracted, 
and the nitrous acid will unite with the water; 
= fo that here alſo we have a double affinity. The 
mixture therefore is now vitriolated tartar, ' and 

ſpirit of nitre. The latter may be diſtilled over 

1 with 
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with a ſufficient degree $ Me. n. * 
former behind. 


1 


Vitriolated tartar may be obtained in Ike 
manner from ſal digeſtivus, and from regenerated 
tartar, by adding to them the vitriolic acid, with 
this only difference, that ſpirit of falt and \ vege⸗ 


table acid are reſpettively. obtained inſtead ol 
ſpirit of nitre. 


| What has derm faid of 00 tartar n 


be applied in great meaſure to ng. _ 
ſalt. 


Thus, by mixing ſpirit of nitre with pure 
vegetable alcali, nitre may be obtained in like 
manner as tart, vitriol. was from the ſame alcali 
and ſpirit of vitriol. If nitrous acid be combined 
with ſome other ſubſtance, to which it has a 
weaker attraction than to the vegetable alcali, 
nitre may be formed, as tart. vitriolat. was with 
green vitriol, and alcali. Alſo, if the fixed ve- 
getable alcali be combined with any ſubſtance, 
by which it is leſs ſtrongly attracted than by the 
nitrous acid, nitre may be made by adding the 
nitrous acid, as vitriolated tartar was made by 


adding ſpirit of vitriol to nitre, ſal hn rs 
or regenerated. tartar. 


- Jo ſea ſalt may be forme! by He Givi 
of ſale to natron; or with ſpirit of ſalt and ſal 
Rochel: or with natron n and {al ammoniac, but- 
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ter of antimony,” or corroſive ſublimate of mer- 
cury. * ob 


So likewiſe regenerated, tartar may be formed 
with fixed alcali and vegetable acid ; with fixed 
alcali and ſugar of lead; with fixed alcali and 
ſpiritus Mindereri ; and the like. All which 
require no explanation, as they will be eaſily 


_ underſtood from what has been ſaid of vitriolated - 


tartar. Yet, to render the doctrine of chemical 


e eee {till more clear, I ſhall give another 
ah in ſal ammoni ac. 


4 If ſpirit of ſalt. (which is a 1 of ' 


marine acid with water) be mixed with ſp. ſal. 
ammoniac, cum calce (which is the cauſtic vola- 


tile alcali, alſo combined with water) to the point 
of ſaturation, the mixture will be common ſal 
ammoniac, and water : The water may be ſepa- 


rated from the ſalt by evaporation, or cryſtalli- 


zation, as ſhewn before; or the ſalt may be ſub- 
limed into a cake, like the ſal ammoniac of the 
ſhops. For the ingredients being both volatile, 


- and ſtrongly attracting each other wh will riſe 


in vapour in their combined fo as hath 
already been ſhewn *. " 


In this caſe the volatile alcali entirely loſeth 


its very Fe ſmell, its particles being at- 


a 2: tracted 
* = mixture of alcaline, with marine SI air, forms this (alt, 
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tradted, . as it were, fixed by thoſe of the 
acid. The taſte alſo is nothing comparable to 


that of the acid, or even of the alcali1 in ſtrength, 
for- reaſons already given. | 


If the mild volatile alcali be uſed, the Seed 
air will be expelled, and fly off (hence the violent 


efferveſcence;) and therefore the mixture will 
be ſal ammoniac and water, as when the cauſtic | 


alcali was $ uſed. 


wy” 


If the acid be ined with mother "ru 8 
ſtance to which it has a weaker attraction than 
togthe volatile alcali, it will quit its union with 
that ſubſtance to unite with the alcali. Thus, 


if merc. corr. ſubl. be mixed with the volatile 
alcali, the acid will leave the mercury, and 
form ſal ammoniac with the ſalt. The mercury 
thus diſengaged, will fall to the bottom in the 
form of a powder, and the ſal ammoniac may 


be obtained from the clear water in the manner 
7 0 deſcribed. $39 


Alſo if the volatile alcali be combined with. a 
ſubſtance to which it has a leſs affinity than to 
the marine acid, the alcaliwillquit that fubſtance, 


and form ſal ammoniac with the acid. Thus, 


fpiritus Mindereri is this alcali combined with 
the vegetable acid. But ſpirit of ſalt being added, 


the alcali will leave the vegetable, to form ſal 


ammoniac with the marine acid, The ſalt may 
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over the alcali, leaving the ſea- ſalt behind. 
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be ſeparated from the aa by ee 


or b other means. 


Theſe eee will be fafficient to give you 
an idea of chemical combination. I ſhall now 


give a few examples of neten. | 


3 may decompoſe a compound chemically, 
by knowing its ingredients, and duly applying 
a principle to which one of. the ingredients has 
a ſtronger attraction than to that with which it 
is already combined. The table of affinities 
affords a Variety of ſuch inſtances. 


. 


- Lee it be required, for example, to decompoſe 
* ammoniac, fo as to obtain its volatile alcali. 
By examining the table, I find that ſal ammo- 
niac is a combination of the volatile alcali with 
marine acid. In the column for that acid I find, 
that natron, among other ſubſtances, is above 
the volatile alcali. Marine acid therefore has 
2 ſtronger attraction to the foſſil than to the 
volatile alcali, and therefore will leave the latter 


to unite with the former. The mixture will be 


the volatile alcali, and common ſalt. As a proof 
'of this, as foon as the ingredients touch each 
other, though before, they were deſtitute of 


-odour, yet now a very ſtrong ſmell of volatile 


alcali is perceived: and as the alcali is volatile, 


the ſalt fixed, we have only to put the mixture 
into a retort, and a due degree of heat will force 
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It may be obſerved, that if the cata foſſil 
alcali be uſed, the volatile alcali obtained will 
alſo be cauſtic. But this is always i in a fluid ſtate, 
as before obſerved. To obtain a ſolid, and 
therefore mild ſalt, the natron muſt be uſed in 
its mild ſtate. The fixed air of which is trans- 

ferred to the volatile alcali, as the natron is to 
the acid; ſo that here again is a double affinity, 
a double decompoſition, and two new combi⸗ 
nations ie 


'T he 3 call m * likewiſe | be n 
from ſal ammoniac, by uſing calcareous earth, or 
fixed vegetable alcali, inſtead of natron; and it 
may alſo be had either cauſtic or mild, according 
to the ſtate in which theſe ſubſtances are uſed. 


To decompoſe ſal ammoniac fo as to obtain 
its acid. In the column for volatile alcali, above 
marine acid you find, among others, the vitrio- 
lic. If you mix oil of vitriol with ſal ammoniac, 
the volatile alcali will quit the marine acid, and 
form, with the vitriolic, ſal ammon., vitriolic. 
The mixture therefore will be this ſalt, and the 
marine acid combined with the water of the oil 
of vitriol, which may be obtained from the ſalt 
by diſtillation, as being more volatile | 


This may alſo be done by uſing the nitrous 
acid, But taten prefer the vitriolic, be- 
aa e ene 


be mild alcali may alſo be compoſed üirecuy, by mixing: 
_ with alcaline ar. See the chapter on different kinds of ar, 
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cauſe part of the nitrous is apt to paſs over with 
the marine in diſtillation; ſo that inſtead of the 
pure ſpirit of ſalt, you have aqua regia, or a 
compooad of the N of nitre and of ſalr. 


Subſtances containing FR era acid may 
likewiſe be ufed, and the nitrous and vegetable 
fal ammoniacs-may be decompoſed by methods 
fimilar to thoſe above deſcribed. 


Theſe inſtances wilt be fufficient to give an 
idea of chemical combination and decompo- 


ſition, and enable you to underſtand not only 


the other inſtances in the table, but alſo the rea- 
ſon of many proceſſes which you meet with in 
diſpenſatories, and books of practical chemiſtry. 
But theſe points will be further elucidated by 
what follows to the end of this HR x 


7 the fourth chapeer, I gave a Sept 
of the neutral ſalts, and ſnewed that each 
of them was a compound of a particular acid 
with ſome alcali From what has been ſaid of 
vitriolated tartar, and ſal ammoniac, you will 
underſtand in general the manner in which theſe 
{alts are obtainable from their reſpective princi- 
ples. The like may be obſerved of the metallic 
and earthy falts in the ſame chapter. 


"Theſe ſalts may likewiſe be decompofed on the 
fame principle as hath been ſhewn of fal ammo- 
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It muſt however, be obſerved, that the eir- 
cumſtances attending the proceſſes require to be 
varied in ſome particular caſes, though the prin- 
ciples on which thoſe proceſſes depend are the 
ſame; and hence the particular directions for 
conducting thoſe different proceſſes, to be met 
with in books of practical chemiſtry. I ſhall 
give a few inſtances by way of illuſtration. ba 


Green 1 is a eee of hs vitriolic 
acid with iron. But if you add iron to oil of 


vitriol, this falt cannot be made. For in order 


to the ſolution of the iron, the ail of vine muſt 
be previoully diluted with water. 


Corroſive ſublimate 3 is a compound 2 marine 
acid with mercury. Mercury, however, cannot 
be diſſolved by that acid in a liquid form. In 
order to their combination, they muſt be raiſed 
into fume, and in this ſtate the ingredients unite, 
though they could not in their coherent form. 
Hence in this proceſs, vitriol and common ſalt 
are employed. The acid of the vitriol diſen- 
gages that of the ſalt, which riſing in vapours, 
meets with the mercury, alſo raiſed in vapours, 
for which purpoſe it had been previouſly diffolved 
in the nitrous acid, in order that it might be re- 
duced into its ſmalleſt particles. 


So in decompoſition, if green vitriol be mixed 
with nitre, the acid of the vitriol muſt be expelled 
oy * force of heat before it can act on the nitre 

— 3 ſo 


ſo as to diſengage its acid. Without this cir- 
eumſtance no nitrous acid is obtained. 


But — — to illuſtrate this ſubject, 1 will 
run through the whole of one of the columns 
for ſalts, together with certain other proceſſes, 
proper for our purpoſe, noting the circumſtances 
requiſite to be obleryed towards forming the 
ſeveral decompoſitions and combinarians. 


f * "Inks: of vitriol is a 3 of 1 
"acid with-water. If to 'this compound you add 
thin plates of copper, and give a due degree of 
heat, the copper will be diſſolved. The mixture 
therefore will now be blue vitriol and water, 
which might eaſily be ſeparated by the methods 

already deſcribed: If to this ſolution you add 

plates of iron, the acid will leave the copper and 
unite with the iron. As the latter diſſolves, and 
the former is let go by the acid, it depoſits itſelf 
upon the ſurfaces of the iron plates, ſo that they 
look like copper. But when the iron is all diſ- 
ſolved, the copper will fall to the bottom in 
form of a powder. The clear liquor being de- 
canted, will therefore be a mixture of water and 
green vitriol; if to this ſolution zinc be added, 
the acid will leave the iron by degrees, and unite 
with the zinc, and tlie iron will fall to the bot- 
tom in form of a powder, as the copper did be- 
fore. The clear liquor being decanted, will be 
a ſolution of white vitriol in water. Add volatile 

* | | alcalj 
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alcali to this ſolution, the acid will leave the zinc 
to unite with the ſalt; the zinc will fall to the | 
bottom in form of a powder, and the clear liquid : 
being decanted, will be vitriolic ſal ammoniac 
and water. Add fixed alcali to this liquid, the 
acid will unite with it, letting go the volatile, 
and the mixture will be vitriolated tartar, and 

ſpirit of ſal ammoniac. The latter may be ob- 
tained by diſtillation, the former remaining be- 
hind. Mix this ſalt with an equal quantity of 
fixed alcali, and add powdered charcoal equal 
to about a fourth part of the weight of the whole, 
The charcoal, you will obſerve, contains phlo- 
giſton combined with a vegetable earth, and the 
alcali is added to make the vitriolated tartar melt, 
which it will not eaſily do without ſuch addition. 
Put theſe ingredients into a crucible, covered, and 
apply a ſudden and ſtrong heat for a'ſhort time, 
the vitriolic acid will leave the fixed alcali to 
unite with the phlogiſton of the charcoal. The 
mixture therefore is now common ſulphur, fixed 
alcali, and vegetable earth, that is, it is an im- . 
pure liver of ſulphur. Diſſolve the maſs in water, 
dhe earth will ſubſide, and the clear liquid will 
be a ſolution of liver of ſulphur and alcali, in 
water. Decant, or filter this liquid; and to 
obtain the ſulphur, look in the table for fixed 
alcali, you will find above ſulphur ſeveral acids, 
add a ſufficient quantity of either of theſe, the 
: aal will quit the ſulphur to unite with the 
— 14 e acid, 
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acid, and the ſulphur will fall in a powder to 


the bottom, which you may ſeparate from the 


liquid, and melt into a roll. And thus will you 
have had ſucceſſively ſpirit of vitriol, blue vitriol, 


green vitriol, White vitriol, vitriolic ſai ammo- 
niac, .vitriglated tartar, and ſulphur, each of 
which might have been r en in i 


aug, forms. 


ao the W Foe "Hi you find that ful. 
phur and mercury form cinnabar. There is, 
however, no method of combining theſe ingre- 
dients into that form, either by dry- mixture or 
liquefaction. If they are mixed in either of theſe 
ways they form not cinnabar, but Æthiops mi- 


neral. To combine them into the form requir- 


ed, they muſt be raiſed in vapour. If they be 
firſt mixed into an Zthiops, and then ſublimed, 
cinnabar will be the ſyblimed ſubſtance. 


* To decompoſe this compound ſo as to obtain 


the mercury, look in the column for ſulphur, 
and you will find, above mercury, fixed alkali. 
But as that forms an hepar ſulphuris with the 
other ingredient, there is a difficulty in obtain- 
ing the mercury to advantage. The other ingre- 
dients have alſo their incanveniences, and, there- 


fore, iron is uſed, By mixing iron-filings with 


the cinnabar, and diſtilling them in a retort, the 


ſulphur is attracted by the iron from the mercury, 


which riſes pure into the receiver, (filled with 
| . water 
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water to condenſe the nar: the folphar bind 
iron TO rs 


151. &. GILL 12 {i iu 
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4 Wore Bed alcati form leer of tul- 
phur. This, however, they do not do by mere 
mixture; they are to be placed on the fire D ag 
juſt to melt the ſulphur, and the mixture is to 
be continually ſtirred, till the combination is 
formed. If the mild alcali is uſed, it will not 
unite with the ſulphur till its fixed air is expel- 
led. Lou may obtain the ſulphur from the al- 
cali again by ſublimation ; but the better way is 
to add ſome acid to attract the alcali from it; 
the ſulphur. will then be precipitated in form of 
a white powder. By waſhing and melting 1 it may 
be reſtored to its priſtine form. 


| In the column for water you will find mild 
volatile alcali, which forms ſpirit of ſal ammo- 
niac. Imagine this as ſtrong as it can be made. 
Above volatile alcali you will find ſpirit of wine, 
which you muſt likewiſe ſuppoſe to be as ſtrong 
as poſſible. If theſe are mixed, the ſpirit of 
wine will attract the water from the ſalt, which 
will therefore be inſtantly reſtored to its ſolid 
ftate, forming that beautiful r of Van | 
Helmont of the offa alba. 5 


In the column of fixable air, (for the philoſo—- 
phy of which, in this view, we are indebted to 
the learned and ingenious Dr. Black,) you will 
find 


$22 H EM 1 g.'T R V. 
find that the volatile alcali and this principle 


form the mild volatile alcali. Fixed alcali is 


above the volatile in the column. If to the pure 
fixed alcali, diſſolved in water, you add the mild 


volatile alcali, the fixed air will be attracted by 
the former from the latter, which, with the wa- 
ter, may be diſtilled over in the form of cauſtic 


volatile alcali; the fixed alcali, nom rendered 


a hs an behind. 


* 


If to this alcali, diſſolved. in n 0 add 


* cauſtic. magneſia, the latter will, attract the 


fixed air from the former, and the mild magne- 


ſia and cauſtic fixed alcali may be obtained ſe- | 


Parate by filtration, &c. 


If to che magnelia, ited with a due quantity 


of water, quicklime be added, the fixed air 


will leave the magneſia to unite with the lime, 
forming common calcareous earth. It is obſerv- 
able that calcareous earth 1s ſoluble, in water 
when in its-cauſtic ſtate, forming What we call 


hme-water ; but mild calcareous earth i is not ſo- 


Juble in that liquid. It is alſo obſervable that 
any of theſe ſubſtances will become mild by be- 
ing expoſed to the fixable air eſcaping from an 
efferveſcent mixture, which it will. attract or ab- 
ſorb. And they will do the ſame in time if ex- 
poſed to common air, becauſe there are always 
many particles of fixable air floating in the at- 
* which theſe ſubſtances imbibe, Hence 


r 
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if lime-water, be expoſed to the air, a white cruſt 


forms upon its ſurface, which is nothing but the 


lime now become no longer ſoluble by treaſon of 
its combination with fixed. air. And if fixable 
air be mixed with lime-water, the lime, which 
before remained diſſolved, will be precipitated 
in form of a white powder, for the ſame reaſon. 
Hence it is that lime- water is a teſt of the preſence 
of fixed air, as mentioned in a former chapter. 
Theſe proceſſes contain ſuch a variety of combi. 
nations and decompoſitions, with the circum- 
ſtances relating to them, that to a perſon of com- 
mon capacity, nothing farther wo be oor on 
f the ſubject. | Fe] 


J ſhall conclude this account with the rationale 
of ſome proceſſes depending on ↄblagiſton, the 
moſt extraordinary N of al the 10pm 
principles, | b | 


Metals are combinations of their reſpective 
earths or calces, with this ſubtil principle. 

If an acid be applied to a metal which it can 
diſſolve, the calx, having a greater affinity to 
the acid than to the phlogiſton, quits the latter 
to unite with the former. The phlogiſton at- 
taches itſelf to the vapour and air which ariſe on 
Fheſe ons, and hd them 4A on, 


$5 >+ £99614 0 


| Metallic 
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- Metallic ſalts, and ſolutions therefore are not 


135 of acids with metals, dot my 
with their calces. i * 


fa Sl diffolved in an acid be . 
by any metallic calx, or by any other ſubſtances 
beſides a real metal, the precipitate will not be 
2 metal, but acalx. Thus if copper be diſſolved 
in vitriolic acid, the ſolution only contains the 
calx of the copper, the phlogiſton having eſcaped. 
If calx of iron, fixed alcali, or the like be added, 
the acid will unite with theſe, letting go the 
calx of copper, which therefore will fall to the 
bottom only in the form of a calx. pd 


But if to this ſolution of copper, iron or zinc 
be added in their metallic ſtate, or as they are 
- combined with phlogiſton, a double affinity takes 
place. The calx of the added metal unites with 
the acid, and its phlogiſton with the-precipitated 
calx; ſo that the powder at the bottom is now 
not calx of copper, but copper itſelf. And 
this is the caſe in all metallic app? _— 


me! eci itation Is made with A metal. 
Pp $! 157-32; 


Cs is a .combication of e ent 
with phlogiſton, as you will find by the table. 
If calamine ſtone be properly fuſed with the 
charcoal, the calx ill attract away its phlogiſton 
and be formed by it into a metal. This metal 
is zinc. If the phoſphoric acid be added to this 

| mee; 
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metal, and they be diſtilled in a retort, with a 
ſufficient heat, the phlogiſton will quit the metal 
to unite with the acid, and the phoſphorus formed 
by their union, will diſtil over into the receiver 
(which mult be filled with water to. condenſe 
and quench the vapours) the calx _Femaining 
behind. This compound i is the famous fubſtance' 
known by its property of ſhining in the dark, 

and burning in the ordinary heat of che atmoſ- 3 
phere, It is uſually obtained, by a very labo- 
rious proceſs from urine. In the urine is a parti- 
cular kind of ſalt, called by chemiſts the fulible 


ſalt of urine. , It conſiſts of the phoſphoric * 9 
united to an alcali, like other neutral ſalts. In 


the courſe of the proceſs, the acid quits the alcali 
and unites with the phlogiſton of the urine into 
phoſphorus, in the ſame manner as in the, proceſs 
of making ſulphur with charcoal and vitriolated 
tartar, or Glauber's falt. But if this ſalt be 
extracted from the urine by cryſtallization, and 
then mixed with charcoal, or other proper phlo- 
giſticated ſubſtance, and diſtilled with a ſufficient 
heat, the fame phoſphorus will be formed. 
Phoſphorus therefore is only a particular kind 
of ſulphur burning with leſs heat than common 
ſulphur. If pure vitriolic acid and this ſubſtance 
pere mixed together, and diſtilled, the phlogiſton 
would quit the phoſphoric to unite with the vi- 
triolic acid. The ſulphur formed by their union 
would be ſublimed by a proper degree of heat, 
1g the phoſphonic acid denind. If this ſul- 
; phur 
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phur be mixed with, or expoſed to the action of 
air, and a proper degree of heat be applied, the 
phlogiſton will quit the vitriolic acid to vnite 
with the air, by which it is more powerfully 
attracted, and the acid remain alone in vapours, 
which may be caught and condenſed, by means 
of the ſteam of water, into common ſpirit of 
vitriol, or ſpirirus ſulphu ris per campanam. 


Other bodies containing phlogiſton not too 
ſtrongly combined may be decompoſed by air 
as well as ſulphur. The air decompoſes phoſ- 
phorus in the uſual heat of the atmoſphere; but 
moſt other bodies require heat for that purpoſe. 
Thus oils and fats require a greater heat than 
fulphur; and metals are not decompoſed by air 
without an intenſe degree. The heat enables 
the air to act on the body and attract from ĩt its 
phlogiſton, which it could not do before. Thus 
alſo it has been ſeen that many decompoſitions 
of other kinds can be effected without heat, but 


that there are 9 of them to N heat ts 
P 4 4 4 12.4 tn nn 


The e e of phlogiſticared bodies by 
air, I had occaſion to treat of in the chapter on 
different kinds of air; and in the chapter on fire 
was given the preſent theory of the heat attending 
fone. of theſe proceſſes. To, account for the hear 
in combuſtion let it be ſuppoſed that a great 
quantity of fire is contained in air, in a fixed, or 
latent ſtate. In combuſtion the phlogiſton of 

the 


p 
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the inflammable body is transferred to the air, 
the fire is ſet at liberty by reaſon that it has a 
weaker attraction, and produces the great degree 


of heat obſervable on ſcheſe occaſions: 2 * the 
table, column 16.) 25 


I 


The more rapidly the decompoſition pro- 
ceeds, that is, the greater the quantity of it whi 12 
takes place in a given time, the greater will 
the heat. Hence bellows, blow-pipes, and'cur- 
rents of air, by applying freſh particles of air to 
the body, are ſucceſsfully employed for that 
purpoſe. Alſo the heat will be greater according 
as the air is more pure. Hence with dephlogif- 


ticated air, the heat is, much FERN 0 _ 


common air 1s employed. 


Bodies containing -hlogiſton in the manner 
above deſcribed, are called combuſtible bodies, 
and their decompoſition by air is called combuſtion 
or burning,” on account of the heat attending i it. 


Butt the combuſtion of bodies may be effected by 


means of nitrous acid as well as by air. Nitre 
contains a quantity of pure air in a ſtate of com- 
bination, as fixed air is contained in marble, &c. 
when nitre therefore is mixed with a combuſtible 


body, and a due degree of heat is applied, the 


phlogiſton and air mutually, attract each other 
from the ſubſtances with which they were before 
combined, and unite; and beat is generated on 
the principhe already explained. See alſo the 
chapters on fire, and'the different kinds of air. 
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T HAT has been faid will, it is pteſumed, 
be ſufficient to give the reader a general 
idea of chemical elective attraction, and enable 
him to reaſon on tlie operations which depend 
on it. With a few remarks on what has been 
faid, I ſhall cloſe this part of my ſubject. Theſe 
remarks however, will be fuch as would, at leaſt 

bor the moſt part, naturally occur to a reader of 


tolerable capacity after having — throught the 


* a 


Bodies cannot act on one another, unleſs one 


of them at leaſt be in a fluid, or vapoury ſtate, 


In theſe ſtates the particles of one body are free 


to exert their action on thoſe of another, which, £ 
in a ſolid ſtare they cannot do, by reaſon of the | 


great attraction which takes place among them- 
e | 8 5 
2. 
In many cafes heat is decke to the action 


of bodies on each other. Thus mild fixed alcali | 
and ſulphur will not form bepar ſulphuris with- ; 
out hear: and calces with inflammable ſubſtances 


will 


* 


. 
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vill not become metals but by means of the ſame 
agent. 1 thoſe caſes wherein bodies act on each - 
other in the uſual temperature of the atmoſphere 
heat uſually very much promotes the effect. 
Thus, cold water will diffolve ſugar; but if 


heat be applied, the ſolution takes place more 


ſpeedily, and alſo in greater proportion. Heat 
is alſo the agent in the preceding remark. If ice 
cannot diflohve ic gar, it is only for want of ſuf- 
ficient heat to render the former ingredient fluid, 
If ſpirit of ſalt cannot form corroſive ſublimate 
with mercury, it is only becauſe there is not a 
ſufficient heat to reduce them into Vapour. 


F 4 m_ 5 
48 * 


N 

In explaining the table of affinities, I have _ 
ſometimes mentioned a compound only in the | 
light of à principle, or ingredient. Thus, at 
the head of one of the columns is ſulphur, which 
yet in another column is given as a compound of 
_ the vitriblic acid, and phlogiſton. But with 
teſpett to the ſubſtahtes andetheath it in thi co. 
lumn, it is a principle; thoſe ſubſtances not de- 
cotnpoſing, but uniting with it, as it is ſulphur.” 
Thus, mertuty and ſulphur are the proper con- 
ſtituent ptinciples of einnabar; and ſo of others. 


Alſo many of thoſe which appear to be peſt q 
eiples ate in fact only compounds. Thus, alcaline 
ſalts are combinations of earth, acid, and pflo-- 


* 


£ 
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giſton. So likewiſe acids, &c. are Cath com- 
poands of other and more ſimple principles. 


| | * | 
In many caſes the union of bodies, according 
to the courſe of their affinities, will not take place 
but under particular circumſtances. Thus, 
phlogiſton will not decompoſe vitriolated tartar, 
but in a violent degree of heat. Mercury and 
the marine acid will not combine but in the form 
of vapour; and ſo of others. It may alſo be 
obſerved, that a combination cannot be effected 
in fome caſes, bur by previouſly uniting the ſub- 
ſtance with another, to which it has a weaker 
- attraction. For example, æther will not diſſolve 
gold, yet if gold be diſſolved in aqua regia, 
and then the æther be added, the latter will at- 
tract the gold from the former and chemiſtry 
furniſhes other inſtances of a like kind. 


In ſome caſes two principles which will not- 
unite, may yet be made to do ſo, by means of 
a third principle, which has an attraction for both. 
Thus ſulphur will not unite with water, but if 
the ſulphur bepreviouſly combined with an alcali, 
the water, by reaſon that it ſtrongly attracts the 
ſalt, retains alſo the ſulphur, which the alcali, 
on its union with the water, does not let go. So 
| likewiſe oil and water will not mix; but if an 
alcali, which attracts both, be added, their mix- 
ture will, by means of this intermedium, be 
effected. 6. From 
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From what has been ſaid concerning the table 

of affinities, the reader will be enabled, with a 
little attention, to underſtand many particulars 
of the philoſophy of chemiſtry, not there dif- 
courſed of. For example, he will now be ca- 
pable of comprehending the reaſonings of che- 
mical writers, when treating of the theory of their 
art, or giving the rationale of any particular 
proceſs; which was what was chiefly intended by 
theſe elements: and I ſhould hope that he will 
allo be able to diſcover the theory of many of 
thoſe proceſſes, even without ſuch aid. For 
exerciſe in theſe particulars I would refer him to 
the operations concerning metals; to the ſeveral 
| Proceſſes for making the æthers; and to others, 
which I have not touched upon; examples. of 
which he will find in abundance in chemical and 
pharmaceurical writings. OY 


He will alſo be enabled to comprehend the 
reaſon of the ſeveral general operations of che- 
miſtry. For inſtance, - 


PRECIPITATION, 
Or the diſplacing or expelling of one principle 
from another by means of a third, on account 
of a ſuperior affinity. Thus, if ſulphur be diſ- 
ſolved in analcaline liquor, and an acid be added, 
che alcali unites with the acid, letting go the ful- 
| K 2 phur, 


132 _CHEMISTRY. 


phur, which therefore falls to the bottom, in 
farm of a powder, called from hence, /ulphur 
Precipitation. Thus likewiſe, if an eſſential oil be 
diſſolved in ſpirit of wine, and water be added, 
the ſpirit of wine unites with the water, and lets 
the oil, which riſes in the liquid, and floats 
on theſu 9 — ; this is like wiſe called precipitation; 
and fixed air, when diſengaged by an acid,, and 
flies off from the liquid, is alſo ſaid to be preri- 
Fitted | 
CRYSTALLIZATION, 

Which happens when particles of ſalt are fu 
pended in too ſmall a quantity of liquid, or in 
a liquid not ſufficiently hot; for-the particles 
ing together, form themſelves 1 into thoſe re- 


als. As aw ſalts require a greater 
quantity of water than others to keep them dif- 
ſolved, if more than one ſort is diſſolved in any 
liquid, that which requires the greateſt quantity 
of water to keep it diſſolved, will cryſtallize 
before the other; and hence the art of obtaining 
the ſeveral ſalts diſſolved in any liquid ſeparate; 
hence alſo ſeveral kinds of ſalts when mixed toge- 
ther, may be ſeparated. on this principle. Com- 
mon falt, for example, diſſolves in leſs. water 
than nitre: hence if nitre and common ſalt be 
diſſolved in the fame liquid, the nitre wilh cryſ- 
tallize ſooneſt, and therefore may, by a proper 
Management of the evaporation, be obraingd 

| before 
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before the common ſalt begins to ſhoot. As nitre 


when firſt made contains a large quantity of com- 
mon ſalt, it is purified "OH! ir by Unis methöd. 


DISTILLATION, 

Or the raiſing of any volatile ſubſtance by heat 
into vapour, and making it paſs over into a pro- 
per receiverꝭ where it is condenſed. Similar to 
which is 


SUBLIMATION, 
Of the raiſing of certain volatile matters in 
dry fumes which form themſelves into a powder, 


or hard ſolid maſs in the upper part of the vel 
or in a receiver. 


cklerk TiO, 
Which is of two kinds. 1. Where the volat 


tile matters are driven from the fixed; by means” 
of fire in open veſſels, or in the'open'fire, as Sth 
the caſe with magneſia, quicklime, and ſome” 
other ſubſtances; and 2. When the phlogiſton is 
to be taken from a ſubſtance by a like expoliite* 
to heat; this is mote properly called combuſtion. 
Thus, lead, antimony, &c. are reduced to calces, 5 
that is, are deprived of their phlogiſton by cal-" 
cination in open veſſels; the air attracting thelr 
phlogiſton in like manner as was ſhewn of the 
combuſtion of ſulphur, and other bodies; büʒt 
the decompoſition in theſe caſes, proceeding büt 
very ſlowly, a degree of heat is not generated 
nn for the continuance of the combũſtion 
K 3 | as 
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as happens in thoſe bodies, and therefore the ap. 
plication of extraneous heat is alſo neceſſary, 


There are other calcinations which partake of 
both theſe kinds, 


' CONCENTRATION, 
' Or the reducing of any principle not obtain- 
able 1 in a ſeparate ſtate, into as ſmall a compaſs, 


or 1n other words, making it as ſtrong, as poſſible, 


Thus, oil of vitriol is concentrated a evaporating 
its ſuperfluous water; the ſtronger and leſs vola- 
tile acid remaining 5323" Spirit of wine is con- 
centrated by diſtilling i it with a very gentle heat, 
ſo that as little water may riſe with it as may 
be: which concentration is effected in a direct 
contrary manner to the other, the ſpirit being 
more volatile than the water; the water more 
volatile than the acid. There are alſo other me- 
thods of concentration: thus, vinegar may be con- 
centrated by freezing; the watry part only con- 


gealing, which may therefore be taken out in the 


form of ice, the remaining aeid being ſo much 
the ſtronger. Hot, dry ſalt of tartar added to 


rectified ſpirit of wine, attracts water from it, 


after no more can be obtained by diſtillation. 
Vinegar again may be ſaturated with an alcali, 
and thereby formed into a neutral ſalt. To this 
falt made dry, concentrated oil of vitriol being 
added, the vinegar is expelled by means of a ſu- 
perior affinity, as was ſhewa in the diſtillation of 
ſpirit o of nitre and Firs of ſalt, by which meang 

the 


ws. 
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the vinegar receives the higheſt poſſible degree 
of concentration ; and other inſtances of concen- 
tration may be met with in chemical writers. 


8. 

An acquaintance with chemical theory will alſo 
enable him to analyze compounds, ſo as todiſco- 
ver their ingredients. If, for example, I would 
know the compoſition. of a neutral ſalt, preſent. 
ed to me for that purpoſe, I diſſolve part of the 
ſalt in water, and add a fixed alcali. As there 
is no turbidneſs, I conclude, that the baſis of 
the ſalt is neither earthy nor metallic. I apply 
my noſtrils to the liquid, and find that it ſmells 
ſtrongly of the volatile alcali, which therefore I 

Fonclude to be the alcaline baſis of the ſalt. 


” pour on the falt a little oil of vitriol, and 
immediately perceive fumes to ariſe. I therefore 
_ conclude that the acid of the ſalt is not the vi- 
triolic. On examining the colour of the fumes, 
I find it to be red. The ſalt therefore is proba- 
bly a combination of nitrous acid with volatile 
alcali; that is, the nitrous ſal ammoniac. 


To be further ſatisfied of this I grind a little 
of it with ſpirit of wine, and find that it totally 
diſſolves therein. I place another quantity of it 
in a ſhovel over the fire, without any mixture of 
inflammable ſubſtance, and it explodes. ' From 
all theſe circumſtances I ſafely conclude that the 

K 4. ſalt 
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ſalt is the nitrous ammoniac, as I before conjec- 
tured. For no other anſwers to that deſcription, 
and in particular it is the property, of this ſalt 
alone to detonate without addition. 


If there be preſented to me a ſolution of two 
different ſalts in water, and I am required to diſ- 
cover them, I add to a little of the liquid, ſome 
fixed alcali, and find a tubidneſs, together with 
a ſmell of volatile alcali. One of the ſalts there- 
fore is ammoniacal, the other either earthy or 
metallic. I collect, and waſh the precipitated 

wder, and find that it is perfectly white, that 
it readily diſſolves in the vitriolic acid, with 
efferveſcence, and is precipitated from it by vo- 
latile alcali. It is therefore probably magneſia. 
I evaporate and cryſtallize this latter ſolution, 
the ſalt. ſhoots into long ſlender cryſtals, and 
appears like the ſal catharticus amarus, another 
argument that che baſis, is magneſia. 


To diſcover the acids, J evaporate a ſuſſicient 
quantity of che original liquid, andi on part off 
the cryſtals firſt obtained, pour a little oil of 
vitriol; a white fume ariſes, which ſhe ws. that 
the . of thoſe cryſtals is the marine. To ano- 
ther part of them I add fixed alcali, andi find a 
ſmell of volatile alcali; from whence, I conclude 

thar one of the ſalts js the common Int armenia, 


As che baſis of the ather, was magnefia, Lagd: 
to tbe liquor from Abi obtained the TR 
O 


CHEMBMESTRY; Es, 
of fah ammoniaa, a ſuſm̃cient quantity of finect 
akcals to precipitate the whole of the powder. E 
_ evaporate: the clean liquid, and pour'om pant df 
the firſt cryſtals obtained ſome vitriolic acid. 
But no fume whatever ariſes. The falt therefore 
is probably vitriolated'tarrar: P expoſe it to the 
fre, and it crackles like that falt; it does not 
fuſe; it is diſficultly-ſaluble in water: Fheſt 
gharaRteriſtics, together with its taſte; and the 
form of its cryſtals, leave no doubt of its being 
vitriolated tartar, as I before imagined. The 
two ſalts in the original ſolution therefore were 
ſal ammoniac, and ſal catharticus amarus. 


By knowing the properties of ſaline ſubſtances, 
and the doctrine of chemical affinities, ſophiſti- 
cations may be detected. If for example the 
ſal catharticus amarus be impoſed on me for the 
true Glauber's ſalt, which it may be made to re- 
ſemble in the form of its cryſtals; by adding 
a little fixed alcali to a ſolutionof the ſalt in water, 
the cloudineſs occaſioned by the precipitation of 
the magneſia, diſcovers the fraud, _ 


If I would examine the purity of a powder ſold 
me for magneſia, I pour on it vitriolic acid; if 
the ſolution is perfectly tranſparent, I may pretty 
ſafely conclude, that the powder is genuine, 
eſpecially if by evaporating and cryſtallizing 
the liquid, a true fal catharticus amarus is ob- 

8 tained. 
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tained. But if the ſolution depoſited a ſediment, 


or any other than Epſom ſalt is obtained from it, 
the magneſia may be concluded to be impure. 


The reader who has a genius for chemiſtry, 
will be readily enabled to extend theſe hints to 
other chemical ſubſtances; and I would recom- 
mend this kind of analyſis to him, as the moſt 
likely means of improving him in this branch of 
ſcience, 


POS T. 
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INCE the preceding ſections were written, 
the tables of the celebrated Profeſſor Berg- 
man have fallen into my hands. As theſe ad- 
mirable tables are not yet publiſhed in any Eng- 
liſh work, and are not generally known, I have 
ſubjoinedthem to the chemical partof this treatiſe, 
by way of exerciſe to the ſtudent. They will alſo 
be uſeful to proficients in chemiſtry ; as they 
contain, in a manner, all that has yet been dil 
covered 1 in that art. 1 


The firſt of theſe tables is that of Ample elefive 
attractions. It is divided into two parts. The 
upper reſpects the humid, the lower the dry way 
of chemical combination, 


This diviſion is very proper. For 9 | 
will ſometimes take place in one of theſe caſes, 
though it will not at all, or in a different manner, 
in the other. The vitriolic acid, for example, 
will not unite with phlogiſton, ſo as to form ſul- 
Phur in the umid way, or with water: yet in the 
dry way, phlogiſton takes place of ponderous 
earth; which, in the humid way, ſtands imme- 
diately under that acid. Lhe 


1 In 


ef 
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In former tables the vegetable acids were con- 


ſidered as the fame. In this they have their ſepa- 


rate columns; and their attractions appear to be 


5 ſcarce leſi diffetent from one another, than from 


the other acids. Former tables alſo reckoned 
but three mineral acids. In this, more than 
double that number vl be found, with equal 
variety be attraQtions. | . 


The Mineral and . fixed alcalis were 
thought to have the ſame attractiveforce to acids: 
By this table it will be ſeen that the attraction of 
the yegetable. alcali is ſtronger than that of the 


| mineral, 


Subitances, with their elective a are 
alſo to be met with in this table, which are not 
to be found in thoſe of Geoffroy or Gellert; as 
the ponderous earth; manganeſe, acid of ſpar, 
and others. 


The reader who has attended to te directions 
for the former table, will find no difficulty in un- 


derſtanding this, after having learnt the charae- 
wn. 7 


The- ſeond of! thefe tables relates to dbuble 
elective attractions, Wee chemical operations. 


By the character ofemvertiad the middle of 


ſome of them, the humid way is meant. my the 
character of air, the dry way. 


Figure 
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In theſe figures the effects of mixing different 
bodies are ſhewn. Always one, and often both 
of the bodies whoſe mixture theſe diagrams re- 
preſent are — and the chemical cha- 
racter expreſſing the compound is placed on one 
ſide of an upright circumflex or bracket, (thus 9 
with the characters expreſſing its ingredients on 
the other. In the 2 iſt figure, for example, the 
effects of mixing vitriolated tartar, with fixed 
ammoniac is repreſented, both which are com- 
pounds. On the left is placed the character of 
the tart. vitriol, alſo ſeparated by an upright 
bracket from the characters of its two ingre- 
dients. On the right ſtands the mark of the 
fixed ammoniac, ſeparated in Iike manner from 
the — of whos it is compoleg. 


Where the original . are decom- 
poſed, and new ones produced, the new com- 
poſition is ſignified by a bracket or circumflex 
drawn horizontally , the character of the com- 
pound being placed on the outſide, and the 
ingredients of which it is compoſed within. 
Thus, fig. 3. repreſents the mixture of fixed 
alcali with ſea- ſalt. The ſea-ſalt, which is a 
compound, is decompoſed, and a new compound 
is formed: the marine acid quitting the mine- 
ral, and uniting with the vegetable alcali, form- 
ing ſal digeſtivus. Where the mixture is neither 
accompanied with the production of a new com- 
Uecr aku K F: pound, 
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pound; nor with the decompoſition of the old 


one, the horizontal circumfſex is omitted. An 
inſtance of this occurs in fig · where lime 
is added to tart. ee without any effect being 


1 a x4 4+ 17 2 TS oh 531 22 
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The darts which: are to be feen in theſe W 


point out the relative force of the attractions of 
the reſpective ingredients. In fig. 21. the dart 
directed to vitriolic acid from calx, ſhews that 
it is as capable of decompoſing the fixed ammo- 
niac; and the dart directed to vegetable alcali 
from acid of ſalt, fhews that it is capable of 
effecting the ſame decompoſition by uniting with 
the marine acid. The dart directed to vitriolic 
acid from vegetable alcali, ſhews that that aeid 
is capable of decompoſing the ſal digeſtivus by 
combining with its alcali. The calx not being 
able to decompoſe the ſal digeſtivus, nor the 
marine acid the ſelenitis, no darts are directed 
towards them. þ | 8 0 


In many * the mixture of bodies is ac- 
companied with precipitation. When the new 
compound is a precipitate, its precipitation is 
denoted by turning the apex of the circumflex 
downward; as is the caſe with ſelenitis in the 
2fſt fig. When the precipitate is not a new 
n compound, but an ingredient of one of the old 
oy" it 1s repreſented * a half circumflex, the 

extremity 


* 


| | I * 
CHEMISTRY.) 1431 


extremity of which, pointing to the right hand, 
is turned downwards, as is 'the®eaſe with lime 
in the fourth figure. Whenever the apex either 
of the whole or half horizontal bracket is not 
thus turned downwards, it ſhews that the com- 
pound or JETT remains diflolved in the 
ee | 7 * O7 ITB. 1 ! | (1% 5 188 s 

The Kbeches from 1 to 560 HY ng 45 to mY 
repreſent ſimple elective attractions. In tbe 
others the attractions are double. Double elec: l 
tive attraction is clegantly Wau el by bg, bg. 


3 
a * - 


On the left hand are the ingredients forming 
vitriolated tartar. On the right, the ſalt format 
by the union of nitrous acid, and calx of ſilver. 
Neither the nitrous acid, nor calx of filver, can 
decompoſe vitriolated tartar, yet both of them 
acting together, can do it eaſily. Thus, if ve- 
getable alcali and vitriolic acid attract each other 
with the force , and the nitrous acid, and calx 
of ſilver only with the force 2, then if the nitrous 
acid attracts the vegetable alcali with the force 8, 
and the calx of filver, the vitriolic acid with the 
force 4; 8 and 4 is greater than and 2; a'de- 
compoſition therefore will be effected, and two 
new compounds formed; the one, of the vege- 
table alcali with the nitrous acid; and the other, | 
of vitriolic-acid with the calx of ſilver. ; 
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"Theſe ales will bs ſaffcien to render 
the tables intelligible, after what has been already 
ſaid on the ſubject; and the farther ſtudy of them 
is left for the exerciſe of the ſtudent's n 
as well as for his information. 


N. B. In the table of ſimple elective attrac- 
tions, the compounds formed by the two ingre- 
dients are not mentioned, as 1s done in the table 
in page 10g. Spaces, or intervals are alſo found 
between ſome of the ingredients in Bergman's 
columns, which imply that there is a greater 
difference between the attractions of the two 
ingredients with the principal, than when they 
immediately follow each other. The mark of 
calx joined with that of a petal h the cals 
& that metal. 
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S the doctrine of | oa a very 
important branch of phyſiology, I ſhall 
next proceed to inſtruct the reader in ſo much 
of the ſcience of optics as _ be Ml: to 
his Ne Inch > it. 


25 
"2 
F 
1 
3 


Ba — vilible by means 4 1807; "Gi 
een light they cannot be ſeen. This is ſo 


well known, that a proof need not be entered 
on. | 


3 ba = þ Y 


Let a room be made quite dark, then let 

a ſmall: hole be made in the upper part of the 
window - ſhutter, ſo that the ſun may ſhine 
through it, and let the light that enters at this 
hole from the ſun paſs on to the wall oppoſite. 
Faſten one end of a thread at the hole, and the 
other end at the place where the light falls on 
the wall, and draw it tight, ſo that it may be 
perfectiy 


2 


mus ordeted, you may obſerve that the perpen- 


144 p VX. 
perfectly ſtrait. Now, if à piece of paper be 


held any where in the ſtrait line occupied by 


the thread, the ſun's light will fall upon it; but 
if the paper be removed out of that line, this 
will not happen. Alſo, if the eye be placed 
any where in that line, the ſun will be ſeen; but 
if it be removed from that line, the ſun is no 


« 


longer viſible. Light therefore moves on in a © 


right line, when no obſtacle hinders, and this 


muſt be remembered as a fundamental principle 
in optics. 


Take a flat looking-glaſs (Opticians call it 
a plane mirror) drill a ſmall hole through its 
middle, and paſs through it three threads. 


Suſpend the mirror from the ceiling, or other- 
© wiſe, by one of them, and let it down flat upon 
a table, in ſuch a manner as that the light from 
the window-ſhutter may fall upon the middle 
of the glaſs, the hole being in the center 


of the luminous ſpot. Faſten the glaſs to the 
table in this ſituation, the light will be reflected 
from the glaſs to the oppoſite wall. 


Let one of 


7 
4 


the remaining threads be fixed to the hole in the 


Mutter, the other at the ſpot on the wall, both 
of them, as well as the perpendicular one, be- 
ing drawn perfectly ſtrait. All things being 


dicular thread is exactly in the middle betweeh 
the two others; or in other words, the angle 


which the thread from the window makes with 
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the aol © one, 1s cxattly equal to that 
which is made with it by the thread which goes 
to the ſpot on the wall. For if you place a gra- 


duated ruler againſt the three ſtrings, parallel 
with the table, you will find that the perpendi- 


cular one falls exactly in the middle Dn 
the others. See 2088 iſt. 


Now the light comes in a right line from the 
window to the glaſs, and goes in another right 


line from the glaſs to the wall. The ſtrings 


therefore being ſtrait, repreſent theſe beams of 
light, The light which comes from the window 
to the glaſs is called the incident ligbt; and that 
which goes from the glaſs to the wall, is called 
the reflected light. The angle which the incident 
ray (I S) (ſee the figure) makes with a line (P'S) 
perpendicular to the point of the ſurface whereon 
they fall, (as the perpendicular thread in this 
caſe) is called the angle of incidence. That which 
the reflected ray (S R) makes with the ſame per- 
pendicular, is called tbe angle of reſiection. And it 
is an invariable rule in optics, that the angle of 
reflection is equal to the angle of incidence. If the 
angle of incidence be great, the angle of reflec- 
tion will be great; if ſmall, the angle of re- 
flection will alſo be ſmall: and if the angle of 


incidence be nothing, the angle of reflection 


will be nothing, ſo that the ray will be reflected 
bagk in the ſame line that it came, 


* When- 
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[Whenever therefore a a 11 1 light ale 4 
body, we! are to imagine a. lige perpendicular to 
the point of the ſurface whereon the ray falls; 
and by Knowing the angle which the, jay. makes 
of reflection. 
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This rule holds good, not * in flat, but 
in all other kinds of ſurfaces, of whatever Ggure 
they be. And it may likewiſe; be noted, that 

if the reflected ray be again reflected, and if 


the reflection of it be repeated to any number 


of times, the ſame rule obtains. You haye only | 
to conſider, that if a reflected ray is to be again 


reflected, it is to be conſidered as an incident rays 


ſo that nothing in philoſophy is more eaſy to be 


ee nen che inden of Narr 
285 . * 
Bette l proceed to explain che n of 
un I muſt acquaint the reader, that whatever 
light paſſes through, is called by opticians a 
medium, Thus, air is a medium; water, and 
glaſs are mediums, and ſo of other tranſparent 
ſubſtances. An optician has only to conſider 
bodies tis mediums of greater or leſs refractive 
denſity. Thus air is a rare medium, and refracts 
but little; water a denſer, and refracts more z | 
and glaſs is 4 medium, {till denſer. er 
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Mine a 117 of light paſſes Fae a me- 
dium of the ſame denſity, it goes on in a ſtrait 
line. But if it paſſes out of that medium into 
anotlier, whoſe refractiot denſity is greater or 
leſs, it takes a new direction, or is bent into 
angle, as will preſently be ſ een. 4-55 bart 1 
——— ter epnche veſſel put 3 0 
anck retire to ſuch a diſtance, as that you can juſt 
ſee the farther edge of the thilling, but no more. 
Let the veffel, the ſhilling, and your eye; remain 
in the fame fituation, while an aſſiſtant fills up 
the veſſel with water, and the whole ſhilling will 
now become viſible. The reaſon of this will be 
ſhewn'b dy ' the following ſe ſcheme. (Fig 155 2 155 
Let V repreſent the veſſel, 8 the ſhilling, ind 
E the eye. RE will be the only one of the three 
rays, coming from three different points of the 
ſhilling, which will reach the eye while the veſſel 
is empty, and therefore only the outermoſt edge 
of the chilling can be ſeen: the rays in this caſe 
coming ir in a richt line from the 1 N wo; the 


eye. 5 3 R ii $9956 +>}, ; Ent; 


Let now the veſſel be e led with water, 1850 
let r N be a ray, coming from the EPS 
edge of the ſhilling, it will paſs on in a righe 
ae L 2 line 
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line to the ſurface of the water. But on its 
entrance into the air it will not continue its 
courſe in a right line, but will be bent or re- 
fracted, fo as to arrive at the e Tye (e) in the 
direction of che dotted line Ne; and hence you 
have the reaſon why the whole ſhilling was ſeen 
in the #atter caſe, and not in the former; for if 
the inner edge is ſeen, the whole ſhilling muſt in 
courſe be viſible. So likewiſe a ſtrait ſtick put 
partly i into water appears to be bent. And ob- 
jects. appear through a prifin higher or over 
than they really are. BO WL Pee. * 


118 g 197 97 2 


I ſhewed before, that the angle of refletion 
1 öl to the angle of incidence. But with 
regard to refraction, the d n 94 


you will find by the two following rules. 


e 2 n 441 1 

+. Wien the refraction is made out of a denſer 
into a rarer medium, the angle of refraction is 
greater than the angle of incidence; that is, the 


Fae is retracted from the perpendicular. ; 


"DJ ri 
2. 2. But when the refraction is made out of 6 


rarer medium into a denſer, the angle of refrac- 
tion is leſs than the angle of incidence; or the 


ray i refracted towards the perpendicular, 


(EIEERL 11 (3 1 


- To explain the firſt of theſe laws, let RS (fig. 39 


be a ray paſſing FR. the water in à right 
u . line, 
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line, till it arrives at 8, draw Pp perpendicular to 
that point of the ſurface; and as the refraction 
is out of water, a denſer medium, into air, a 

rarer, it muſt be from. the eee 65 1 5 
ray therefore, inſtead of going 290 a rig hr 
line RS, will be bent into the dire ion SE and 
therefore. the angle of refraction 18 P. is 1 
than the angle — chene R 8 P-. 


hs A fol » 
4 I iti = 114 


To 2 the comp 105 1. R 8 72 40 be 
a ray pafing through air in a right line to S. Pp 
is the perpendicular to that point of the furface. 
And as the refraction is to be made out of air, 
a rarer: into water, a denſer medium, it will 
be towards the perpendicular. The ray there- 
fore, inſtead ot᷑ paſſing on in a right line RS, 
will be turned into the direction Sr, ſo that the 
angle of refraction er S p vill be leſs a the 
| angle o of incidence RSP. l 1 
8 | 9 0187 

Theſe caſes, being only the revered of each 
other, are perfectly eaſy to be conceived. And 
the rules hold good, as in reflection, whateyer 
be the figure. of the medium's ſurface.” When 
therefore the. angle of incidence is grear, the 
angle of retraction will alſo be great; when ſmall, 
the angle of refraction will likewiſe be ſmall, 
And when the angle of incidence, is. nothing 
(chat is, when the ray moves B -£0 the. ſurface 
on the + in the * ” the perpendicular) 
| of 
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the angle of refraction will be nothing ; that is, 

the t ray will continue to paſs on in a right line, as 

I in che ſame medium: in like manner as hen 
In reflection, the angle of incidence is ngthing, 

"he ray is keien deen into the 55 ilfe i. 
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| be in e he aha: is ahve cual 6 to 
that of incidence, ſo there is a conſtant or in- 
Variable proportion between the angles of inci- 
gence and refraction, with the ſame mediums; 
or, to ſpeak more properly, between the fines of 
thoſe angles. For an angle may be meaſured by 
letting fall a perpendicular from a given point in 
one of the lines, by which it is formed upon the 
other: this perpendicular line is called che fine 
of the angle; and in order to determine the ratio 
between the ſines of different angles, no other 
caution is neceſſary than that the aſſumed points 
from which the perpendiculars are let fall be 
equally diſtant from the center or point of inci- 
dence. . Thus it is found, that the fine of the 
angle of refraction out of air into water is to the 
fine of the angle of incidence always as three to 
four. But in different mediums the proportions 
1 different, according to their refractiye denſity. 
For example, the proportion of the ſines of the 
angles c of incidence and refraction out of air into 
glals, is as ſeventeen to eleven; and other me- 
diums haye other fixed * Lod; 
Having | 
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. Having: thus explained the ik pf; reflection 
and refrattion' of I ht, 1 tall” now Pre ceed to, 
the application of Rhe and alſo to the con- 
ſideration of fach” other particulars” as * Fay 
neceſfary to che ü e of: "the os 
of viſion, | ei 5 N 42 


4 


Whatever is ſeen or bebele by the ehe, is 
called by eiiien an elk. Thus, an arrow 
is an object; à bird i Is an object; 7355 9 
Ky, the Found, &c. afe OB En 


$, * 4+ g + 1 
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Both 


"The: Arfate of an object is be be 
opticlins as made up of a vaſt number of very 
minute Points placed cloſe to each other; from 
every one of which points rays of light ie in 
every direction. If you ſingle out one of theſe 
points, and imagine it to remain alone; or it 
you ſuppoſe thar point only to be illuminated by 
the rays of light, it may be repreſented by figure ' 
sth. p is the point, and the lines proceeding from 
it are rays of light. Of courſe, in whatever po- 
fition the eye be placed, whether at A, B. C, &c. 
the point will be viſible, rays being alike TR 
W i 0 every part. 

Now, lat : Þ 1 as a convex x N or com- 
mon burning-glaſs.. Let it be placed before the 
a, P, and as the glaſs ts rranſparent, the 
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: l out of the air into the glaſs, and out 
of tha glaſs again into the air beyond it, and then 
trait qu. But as glaſs is, a denſer medium than 
air, ig Wl xefra®t the rays at their entrance ãnto 
it, and che air beyond will again refract them 
in a contrary manner, in their paſſage into it 
i from the other ſide of the glaſs, as may be 
| gathered from what has been ſaid of refraction. 
To repreſent. this the more clearly, let pi in the 
6th figure be the point, L the lens, and p S one 
of the outermoſt rays that falls on that lens. PS 
will be the perpendicular to the point of the 
ſurface on which the ray falls. As glaſs is a 
denſer medium than air, the angle. of refraction 
will be leſs than the angle of incidence, and 
therefore the ray will be turned out of its  right- 
lined direction, and go on in a ftrait line to n. 
It is now to paſs out of the glaſs into the air, 
T n is the perpendicular to that point of che 
ſurface; and as the refraction is to be out of a 
denſer into a rarer medium, the angle of refrac- 
tion muſt be greater than the angle of incidence, 
and therefore the ray will be turned from T, and 
in courſe | it will go on in the directio An n x, 
Now it is obvious, that the ray p O miſt” be 
refracted in the ſame manner as the 1a PS. 
The two rays will therefore meet at * and if 
we ſuppoſe a number of intermediate rays | iſa- 
ing | from the point p, they will all be refracted 


Dy 
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by the glaſs i in- ſuch a manner, as chat their 
angles of incidence ſhall be to the angles of 
refraction, as ſeventeen to eleven, and they will 
all be again refracted by the air in paſſing out of 
the glaſs, in ſuch a manner as that their ahgles 
of incidence ſhall be to their angles of refraction 
as eleven to ſeventeen, ſo that they will all meet 
at the point x; they will croſs each other at chat 
point, and then go ſtrait on, bn the: elt 
ann | | 
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2NZ 51 12445 


New; I a paper be * at x, 61 that the 
rays may fall on it, they will paint the image or 
me che point p on that paper. 

Inſtead of one, imagine three points, A, B. C. 
at a convenient diſtance from each other, and 
let che. lens be placed before them, as repre- 
ſented in the ſeventh figure. The rays flowing 
| from each point, will, after refraction in the 
manner þ before deſcribed, form each their reſpec- 
tive images C, b, a, on a paper placed behind 
the lens, as-you may alſo prove by experiment 3 
but the 1 images you ſee are inverted, or in a con- 
trary order to that of their originals, the image 
of A, which is uppermoſt, being below, and 
the image of C, which is WS being 


above, — 


To 
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To make this more plain, place the convex. 
lens before. a candle, and at a proper diſtanee 
on the other fide, hold a piece of paper; yo 
| Will find the image of the candle very exactly 
painted on this latter, but in an inverted poſts 
tion, or upſide-down, juſt as is repreſented in 
; the figures; and if you imagine the whole ſur- 
face of che candle to be made up of luminous 
points, and the rays from each point to be; re- 
fracted in the manner of thoſe three which are 
here delineated, you will have the whole expe- 
Timent, with Its 12 80 curious 3 Clearly 
More yob. - 8 ö Pha "ev ans | 
But his is not rho nee e which 
was meant to be drawn from this experiment. 
You will find, that by holding the paper nearer 
to the lens, the image of the candle becomes 
leſs clear or diſtinct, till at length its figure is 
quite loſt; and the like happens by removing 
the paper beyond the proper diſtance. If you 
look: in figure 6, you will perceive that the 
image of the point p can only be painted 
in its proper dimenſions, where the rays meet 
at x. If the paper be held nearer, or removed 
further from the lens, as A ori not a point, 
but a ſpot will be painted on it by the rays; 
and the ſpot will be greater according as the 
| paper | B. removed either way from the poiot; 
| , ws 
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the point or place where the rays meet and croſs 
is called the focus. ' So in figure 7; Whei the 
paper is in the focus of the rays; each point 8 
the candle is painted in its proper ſize ant ſitua- 
tion with reſpect to the others, as ĩn the original; 
and therefore" the whole image formed of thoſe 
points appears diſtinct, or rightly defined. But 
if the paper be ſuppoſed to be removed out of 
chat focus, either towards or from the glaſs, the 
images of the points of the object will be en- 
larged, and run into one another, the picture 
formed of them will of courſe become indiſtinct 
pr confuſed, and that ſo much the more as the 

aper is further removed from the focus, ril at 

e it is no longer diſtinguiſhable. do 


"Phils" much being premiſed e the 


= oh 1 we may ME. to the doc- 
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12 In the eye are contained three humours, the 
aqueous, , cryſtalline, and vitreous, ſeparated 
from each other by proper coats or membranes. 
A (fig. 8.) repreſents the aqueous, or foremoſt, C 
the cryſtalline, which is in the middle, and V 
the vitreous, which is behind, and fills up all 
the back part of the eye; pp is the pupil or 
| hole through which the rays paſs, and R, R, R, 
is the retina, placed behind all the humours, and 
Whey is the proper organ of viſion, For the 


rays 


185 ne s. 

rays of light, by ſtriking againſt that mem- 
brans, cauſe viſion, in like manner as any thing 
ſtruck, againſt the ſkin cauſeth feeling. A 
alſo, if yqu ſtrike, che corner of either eye-with 
your finger, you ſee, a hof ef lights, the ftfpke 


of the finger being conveyed by the humours of 
- the eye to the retina. Allo, if the eye be vio- 


lently ſtruck, light is ſeen, as pain is felt from 
ſtriking any part of the body, in W e 
wo: of feeling. | | o [ 


Hr 4 Die 5? 


The three humours of the eye are 10 be ha 
fidered'-as. ſo many mediums, _ The aqueous: is 


| the rareſt, the cryſtalline the denſeſt, andthe vi- 
treous rey both, FOI 45.90 ons of 
3 28 TS 

1 a ray of 1 as R, falls perpendicularly 

on the eye, it paſſes ſtrait on the retina, without 
refraction; for reaſons which have been alread 
ns , II. VP bag i 

5 9 

"-Butaf a ray enters the eye in 1 direc- 

flows it will be refracted 70 the ſeveral humours, 
in the fallomng manner: dn df n 1 
£2736] borgen 


Letkt be a ray paſſing through the air a0 the 
eye, ; 0 as tO fall on the cornea As and as the 
aqueous humour is. denſer than air, the refrac- 
tion muſt be made towards the perpendicular, as 
has already been explained; the ray therefore 
will AO on to the e of the cryſtalline .hy- 

mour 
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mour in the di rection of tn. The cryſtalline is 
denſer than the aqueous and vitreous Rumeuts, 
and therefore the ray will, by the refraction, be 
deflected towards the axis of the cryſtalline, 
10 the principle of Gnvex wic Ar ein at 

99 at R on the retinas? * 7 1918 She 3. 
100 1291 207 01 9Y9 au 10 
"Other ra rays ; may be' "imagined ſuing from the 
ſame | point with the ray R, ſo as to Occ J Vite 
whole width of the pupil p. p- and Then they, 
will all be refracted in like manner, ſo -as, to 
meet in the ſame point of the retina and che 
image of the point r, from whence the rays Hos, 
will then be painted on the retina, in, the ſame. 5 
manner as the image of the point p in figure. 
6 was PI IN paper * means of , 
Nai, 601757 5 544 al f 


ese 1990 oy 7. by Toh FO To), EGS) 
Imagine ce ach points; viz. O, r, B, „ihk | 


rays proceeding from each of them to the eye, 
——— was before deſcribed with re- 
ſpect to the lens. The rays after refraftion will 
meet on the retina in three points, b, Ry o, in an 
inverted ſituation with reſpect to their originals, 
the image of the upper one being loweſt, and 
that of the lower one higheſt; and by the ſame 
reaſon, if you place an arrow before the eye, 
the image thereof will be painted in an in- 
verted poſition with reſpect to the arrow itſelf, 
as was ſhewn of the lens. From hence you 
cd | will 
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will alſo underſtand, that the images of all ob⸗ 
jects ſeen by the eye are painted on tlie retina in 
direct contrary poſition to the objects them? 
ſelves; the upper parts of thoſe objects being 
painted lowermoſt in the retina, their right ſides 
on the left in the retinæ, and the like of other 
Parts. 
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t ma 2. . aſked, « Tos: comes it N 
e are ſeen in their proper poſition, ſec- 
$4 

15 that their ! images are inverted in the eye! I 
this it may de anſwered, that it is not che 


phi re itfelf that ſees, but the fibres. of the. optic 


8 


14 


nerve wh ich are expanded into, and form the 
effential part of the retina, convey. the impreſ- 
fion "which they receive from the impulſe of 
- the e rays, to the ſenſory or ſeat of the mind, at 
the origin of thoſe nerves in the brain. As a 


proof of this, if. the optic nerve be Eo 
| hindered, ; objects are not eng. — Pang 
images are painted on the retina as uſual. Thus 
alſo, if by leaning the head on the hand, with 
the elbow reſting on a table, or by throwing one 
leg over another, certain nerves are compreſſed, 
the parts which they ſerve loſe. their | ſenſe; 
of feeling, as every one. muſt: have, obſeryed z; 
which alſo ſhows, that it is not the organ 
of ' ſenſe, but the mind ſeated at the origin 
of the nerves in the I perceives. The 
Lou” fibres 
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fibres of che optic nerbe, When they arrive at the 
ſenſory; are diſpoſed in a contrary ſttuatioh t 


bat they are in the eye, thoſe, fibres which are 


on apy one ſide of the retina going to the contrary 
ſide of the ſenſory ; and Ban painted 
in She-ſeaſon: age poſition... al If on | 


— * 


9 o may form a | crude idea of | it * the och 


figure, | where A, B, C, repreſents the retina, of, 


the eye, ©, b, a, that of the ſenſory, the fibfes 


Ac, Rb, Ca, of the optic nerve, and of c courle the | 


arrow a, b, c, being 1 in a contrary | poſition t 
what they are in the ſenſory; and even 


i # 


Ggure of the retina is alſo inverted ; J for its its con- 
cavity is outwards in the eye, but inwards 1 
the ſenſory; and the concavity is towards, not 
from the perceiving principle, as I have elſe- 
where ſhewn * ; for, by preſſing the center of 


222 


the eye, ſo as to excite the whole retina, I found 


that the luminous appearance cauſed thereby 
was concave, but that the concavity looked. 
towards me, which again proves that it is not i 
the eye, but in the ſenſory that the images of 
objects are perceived; for the concavity of the 
retina of the eye looks the direct contrary ways. 
There being an inſenſible ſpot in the retina, and 


no dark "ſpot in an object viewed anſwerable 
cheræte⸗ is an0he argument chat it is not rhe, 
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eye, but the mind at the end of the nerves in the 


brain that ſees the object. 


But to return to our ſubject. It was ſhewn 
before that the image of the candle refracted by 
the convex lens was not diſtinct, except the 
paper was held at a certain diſtance from the 
lens; and that the reaſon was, that the paper 
muſt be held in the focus of the rays, or juſt 
where the rays meet in points, or pencils, if I 
may ſo call them, before they croſs each other: 
for, that if the paper was removed from that 


7 focus cither way, the image became confuſed. 


+ The cauſe of this confuſion I alſo fully ex- 


; plained bur, previous to the application of it 
to viſion, it will be neceſſary to purſue the ſub- 
5 jet a little farther. 


If he lens be held at a certain diſtance his 


ths candle, and the paper at a certain diſtance 
from the lens, the image on the paper will be 


diſtinct. If now you keep the paper at the 
fame diftance from the lens, and bring the 
candle nearer, its image on the paper will be- 
gin to be leſs diſtin, and its confuſion will be 


greater as the candle is brought nearer to the 


lens. Alſo, if the candle be returned to its firſt 
diftance, and then removed the contrary way, or 


' farther from the lens, the image will become 


more and more confuſed, in like manner as when 


It \ was brought nearer, The reaſon of this is, 
that 
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#6 
that 2 M2 the candle is nearer to the lens, the 
focus falls at a greater diſtance than when it is 


from 1 itz the focus in theſe caſes, will fall at a, b, 


the refractions of the rays from theſe ſeveral di 
tances, according to the foregoing rules; and 


diſtinct, muſt be varied, according to the diſtance 
of the object from the lens. If you look on the 
figure, you will alſo find that the angle which 
the rays make with the lens, is greater according 
. as the diſtance of the object is leſs, and the focus 
of the rays is nearer to the lens according as that 
angle is leſs. The diſtance of the focus there- 


from a point of an object, 


takes with the lens. 


| - Now for the ſame reaſonithat the focus varied 
its diſtance from the lens, according to the diſ- 
tance of the candle from it, the focus of the rays 
refracted by the eye muſt allo be nearer to, or 
farther from, the cryſtalline humour (which is 
likewiſe called a lens) according to the diſtance 

of the object from the eye: for when the object 

is at a greater diſtance, the focus muſt be nearer; 
and when the object is leſs remote, the focus muſt 
be more diſtant. But yet in order to ſee objects 
_ ider or. clearly, the retina as well as the 


Eo ; ” M „paper 


— 


removed farther off. Let L be the lens (fig: 10.) 
and A, B, C, the candle at three different diſtances 


and c, reſpectively, as you will find by trůcing 


conſequently the diſtance of the paper from the 
lens, in order that the image may be painted 


fore depends on the angle which the rays, iſſuing 
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162 res. 


paper in the above experiments, muſt be exactly 
in the focus of the rays; for if this docs ot 2 


pen, it is obvious that the pictures“ of tl ole 
jects Ke be formed on it diſtin& ; and yet 


diſtin& viſion depends on the Perfection; of the 


images of the objects looked at, on the retina, 
Bur if the arrow A, fig. 11, be moved nearer 


to the eye, or farther from it, you ſee that in 


the latter caſe the focus does not reach the retina, 
andi in the former it would fall beyond i it; con- 


ſequently, as the image in either of theſe caſes 
. would: be confuſed, the arrow could not be diſ- 
. tin&tly ſeen ; but it is well known that we ſee 
an object equally well in proportion to its appa- 
rent ſize, whether its diſtance from the eye be 

ter or leſs. Thus, the arrow when at two 
bet diſtance, does not appear more confuſed 


'than when only at one. The reaſon of this dif- 
"ference is, that the glaſs lens retains the fame 
figure or ſhape, whatever be the diſtance of the 
object, and therefore, according to the laws of 
refraction, the focal diſtance muſt vary as above. 
But the eye has the wonderful faculty of adapting 
its figure to the diſtance of the object, Ef as al- 
ways to have the retina in the focus of the rays; 
and this is effected by means of the cryſtalline 


humour, which ſerves the- purpoſe of; a, CONVEX 
lens. When the object is at a diſtance, and the 
focus would fall ſhort of the retina, the cryſtal- 
line lens forms itſelf into a leſs convex figure, 


and therefore refracts the rays. leſs; , Jo.thar. the 


focus 


_ 


——— — — — — 


0 p T. 1 C 8 2 | 163 


focus 1 is made. to fall more ey 1 it would 


naturally do. But when the object is near, and 
the focus would naturally fall beyond the retinas 
the cryſtalline lens becomes more codex Toas 
to refract the rays more; and bring the focus 
nearer, ſo that whatever be the diſtanc df the 
object, the focus, by means of this adinitable 

contrivance, always falls on the retina} and in 
courſe che object at whatever W is ſeen 
diſtinet. 


iſ! 510 05 


The uſe of a convex. lens is to mil rays 
converge or approach nearer to each other; as 
hath begn ſnewn; and the greater its convexity, 
the more does it encreaſe their Convergency : 
But a. CONCave lens, on the contrary, "cbferh 
rays to diverge or recede from each other, and 
the more ſo, as the concavity is greater. The 
figures 12 "and, 13 repreſent ſuch lenſes; the 
rays falling « on them in parallel directions, are 


turned from their parallel, to à diverging ten- 


dency, by x the concave lens 5, and to a Tonverg- 
ing tendency, by, the convex lens a. The rea- 
ſons of this difference will eaſily be underſtood 
by tracing the fefraction of a ray falling obliquely 
on each of theſe glaſſes, according to ths rules 
ae laid down; 


. 3. 


People advanced in years are W obliged 


to uſe ſpectacles; of ſpectacles however, there are 


two kinds, thoſe made of concave; and thoſe made. : 
M 2 > 
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of convex glaſs len bes. When t the e eue - becomes 
old, it ſhrinks or loſes | part of its plumpneſz or 


1 
7 


Sete; : fo that it cannot, e even with! the aſſiſt⸗ 
ance of the change of figure of the 9 


humour, fi Riel” refract the rays, and there- 


fore, they will converge to points beyond the 
retina, A convex lens enereaſes the eonvergency 
of the rays, and therefore if placed before: the 
eye, will cauſe the focus to fall nearer to the 
cryſtalline humour. The ſpectacles uſed by 
aged people are therefore made of convex lenſes. 
Rat tke eyes of ſome are more witheted than 
thoſe of others, and thoſe in whom this defect ĩs 

greateſt, require lenſes of a more edi Nen 


in order to make the rays converge to the retina. 


Hence the reaſon why the ſame ſpectacles will 
not ferve for different people; and we find that 
opticians number their ſpectacles mee 
che degrees of their e 80 A n59d ent 18 


en UI 


There are likewiſe many people who are near 
fig died, the defect of whoſe eyes is en wy 
Ks of thoſe juſt diſcourſed of. Fax-1 
too plump or convex, ſo that they conmeres gion 
rays. before they arrive at. the retina, Nowthe 
concave lens, by encreaſing the e of the 


rays. before they enter the eye, prevents their 


being converged ſo. ſoon as before; and hence 


according as the eyes are more plump, ſpettacles 


of greater concavity, are required, in order that 
thg foci of the rays may de made to fall on the 
retina; 


„ 165 


retina; which, as hath already been ſhewn,. is 
neceſſary to diſtinct viſion. As the eye naturally 
grows flatter by age, the ſight of theſe people 
mend as they become older, and therefore Eq 
are fac t to have the moſt laſting eyes. | 


on 


eg chus given a general idea of viſion; 1 
ſhall now proceed to explain ſome of the parti 
e ee thereof. 15 


by + 


"ow may have obſerved, "that objects 3 aber 
through convex lenſes at different diſtances from 
what they do to the naked eye. Thus, the ob- 
ject L, fig. 14, when ſeen by the naked eye, ap- 
pears at Lʒ but if a convex lens be placed before 


the eye, the rays, after refraction, if they were 


continued on in ſtrait lines, would not meet at L, 
But at the point / beyond it, at which place the 
object will appear; for you may gather from 
what has been ſaid before, that © an objet al. 
* ways appears in that place to which the rays 


d wonld converge, or from wg they would di- 


& verge, in falling on the eye.” It has already 


been ſhewn, that according as an object is 


more diſtant, the angle which the rays ifoing 
from à point thereof, form with the eye is 
leſs; now the eye Judges of the diſtance” ac- 


cording to that angle. As the apparemt diſtance 


therefore depends on that angle, it follows that 
the eye muſt form the ſame judgment of the dif 
HE the object Z, whether the rays rally flow 
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wh OPTICS. 


from that diſtance, or only ſcem to do fo; and heneg 
we have the cauſe of many curious deceptions of 


viſion. Thus, a concave lens (fig. 15.) makes an 


object appear nearer, becauſe by diverging the 
rays, it makes them flow as from the point m 
leſs diſtant than M, the point from whence they 
Uiverged before. ; 


If an object behind you be ſeen: by Adele 
from a common, or plain mirror, it does not 
appear as upon the ſurface of the glaſs, from 
whence the rays really come, but as far beyond 
that furface as the object itſelf is diſtant from it. 
Let $5, (fig; 16.) be the ſurface of the mirror, 
A the object, and Rr, rays flowing from a point 
df that object to the glaſs from whence they are 
reflected to the eye. If the rays were continued 
from the eye, according to the dotted lines, 
they would meet in the point p, and therefore 
the object muſt _— as at @, as We find to be 


ihe caſe, 


If the ſurface of the mirror be not plane, buy 
CONVEX, as 5 ö, (fig. 17.) the rays will be more 
diverged. after reflection from the glaſs to the 


eye, and therefore if continued, would meet in 


a point p, nearer to the eye than im the laſt caſe, 
and hence the abject would ſeem to be nearer. | 


On the contrary, if the nde be concave, as 

2 0 (ig. 18.) the rays will be rendered leſs di- 
verging as they flow fron) the glaſs, than by the 
* plang 


* 1 
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"Plane mirror. and t erefore t the x point Þ, at which N 

they would meet, would be more 1 ant ; 5 | 
that the object would appear more remote. «1B 

ON | the £ concayity | be ſo FL, as to render tl [ c 9 7 


Fonperzing, as they fly from it to the Ene the 


point will be before the ſurface. as at Pr. g 19. 
and therefore che 8 wil 1 appear leſs diſtant 
dae the glaſs. Ban 3 GO az 4 


E non 


it che object Q (fig. 20.) be 2 through 4 
lat priſm! P, it will not appear at Q,! but at q. 
the point to which the rays after refraftion. would 


. converge, So the ſhilling in fig. 2. appeared tg 


be removed out of its place. Hence alſo a Rick 
"PO placed in water does not appear ſtrait, as 
efore, but bent; and other inſtances "The 
changes of place, or diſtance of objects, "by re 
en and refraction, may be underſtooc 'by b 
means of this rule. 


eie S044 


You may likewiſe have remarked, that objects 
when ſeen in ſome caſes of reflection and refrac- 
tion, appear to be bigger or leſs than natbrally. 
Than. an object ſeen through a conyex lens ap- 

ars bigger; and through a concave lens leſs. 
You! will upderſtand the reaſon. of this, by ob- 
N that the points of which their e e 
compoſed, are by the refraction or reflection, re- 


moved further from, or brought nearer to each 


othet than before. Thus, the points of the ar- 
LN ab, in fig. 14, are by means of the gopvex 
4 lens, 
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lens, removed farther: from each other, than it; yp 
B, and by the concave lens in igure'1 5 5, b rought ” 
neff to Sch ether thäp in A B, and of GGurle | 
es iger traſt appear larg er in the fort ner, and. 
leb in che Itter caſe, than to the 5 ed eye 0 
For like eaſes contave mirror makes 0b, . 
apptatdarecr; and a convex one ſmaller than 


| — On theſe principles the conſttuction 


ee and Wa pal) LTH? de bs 


9g on 9% ;>{5mmins 907 eunz 
93617 YI) ! 73 , 691 YC 210 {13 
e the ame object irche eye wick, pi 
accatding as the diſtance is greater. Tos het 10 
E, fig: 215 be the eye, A B an object at a vertan 
diſtance from the eye, and a b, the ſame object, 
at twice that diſt ance; the image in the retina by 8 
the latter caſe is but half the length of that in the 
former. -You may prove this by placing two 
ſticks of equal lengths, one at a yard, the other 28 | 
two yards diſtance from the eye, ſo that the lower 
ends of them may appear Parallel, and yauwill 
find that the nearer one has twice the apparent 
length of the farther. The reaſon of this is, that 
the angle formed with the eye by the rays pro- 
ceeding from A B is greater than that formed b 
the'rays from a b. The angle which an object 5 
forms with the eye is called the viſual ankle; this 
angle is diminiſhed as the ſame object is removed 
to a greater diſtance, and alſo when viewed 


throughi a concave lens, or by reflection from a 


cone wirror; on the contrary, in proportion 15 
5 


Q -P.-T-- £0 $e 169 
as the object is brought nearer, and when it is 
viewed through a convex lens, or from a con- 
cave mirror, the viſual angle is greater. The 
apparent ſize of an object therefore, is according 
to this angle. But when this angle becomes too 
large, the whole of an ohject cannot be ſeen; 
thus, if we ſtand near a church, only part of the 
church can be ſeen at a time. And when it 
becomes too ſmall, objects ceaſe to be viſible z 
thus the animalculz in vinegar are not percep- 
tible, by reaſon that the angles which they make 
with the eye are two ſmall. A microſcope, by 
encreaſing thoſe angles, renders them viſible; 
and glaſſes might alſo be contrived, with con- 
cave lenſes, to render viſible objects invilible, 
by decreaſing: their viſual angles. You may 
obſerve that the increaſing or diminiſhing: the 
viſual angle of an object is the ſame thing in ef- 
fect with removing the points of the image 
thereof to a greater or leſs diſtance than napurelly, 
as mentioned in the laſt paragraph. | 


When' an object is ſtrongly illuminated, the 
pupil of the eye contracts or becomes leſs, in 
order that leſs light may be admitted; and on 
the contrary, when the object is but faintly 
illuminated, the pupil dilates, in order that 
more light may be admitted, and the image 
painted ſtronger. IF! It was not for this contri- 
yance, the eye would be hurt by the great quan- 


tity of light i in ne caſe; and objects would not 
be 


— 


17d tree. 
de viſible, by reaſon wy he e Farley 0 it in thy 
other $306 do 11 9816 
mou EET OP -: 19 10 Si! f 
: 1 At an —_ heighr with ydut eyes, 3 
Wall, make two ſmall ſpots, with ink qr. other - 
wiſe, about four inches diſtance... rom each. 
Cloſe one of your eyes with your finger, and 
with the other look at that ſpot which is oppoſite 
to the eye cloſed; move backward or forward, 
and at length when you have hit the proper diſ- 
tance, the ſpot not looked at, will intirely diſ- 
Appear. The reaſon of this is, that the part of 
the retina where the optic nerve enters is inſen · 
ſible; and in courſe rays. of light, or images of 
ohjects falling on that part are not perceived. 
This ſpot is in that part of the retina which is 
next the noſe. Yet it a quire of paper or — 
like be held before the eye, we do not perceiy 
any hole or dark ſpot in the ſide of it rar 
from the noſe, anſwerable to this inſenſible 
ſpot in the retina, as ſhould ſeem to be the caſe; 
which further proves what I formerly explained, 
< that viſion is not made in the eye, but in 
et the ſenſory.” And it appears from hehbte 
that there is no vacuity or inſenſible ſpot in the 
72800 of the ſenſory, though there eee of 


erde I have confidered the eye 28  Gingſe. 
I ſhall row conſider viſion with Wipe to both 
eyes. - 


| * Fou 
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+ 1t mult. be-underſtood then, that every; pare 
of the retina of one eye has a correſponding, part 
in the other; ſo that when the image of the ſame | 
object falls, in the ſate manner,” upon the an- 
12 parts of both eyes, only one object is 
eived, as if the image had fallen upon one 
exe only.” Thus, if you look at 2 ſhilling,” you 
ſee it with both eyes at once, as you may prove 
by Muttlog one of them, and yet ws both 
n you ſee only one thilling. 1 7 1 1 


8 
0 tür wit n be that viſion 5 is not made 
in the eye, but by the nervous expanſion in the 
ſenſoty. If you imagine each of the fibres of the 
optic netve, of which this is formed, to be dou- 
ble, or compoſed of two, one of which goes to 
the anſwerable part of each eye, you will be able 
to form à very clear idea of this phenomenon, 
and rhat this is the caſe, appears by the follow- 
ing experiment. Look at any object, ſuppoſe 
the flame of a candle, ſteadfaſtly with both eyes, 
you behold it ſingle; but force one of your eyes 
out of its poſition with your finger, the object | 
is no longer ſeen ſingle, but two flames are be- 
held inſtead of one; and the more the eye is forced 
out of its direction, the more diſtant from each 
other will the two flames appear. And this ougſit 
to happen, according to the theory; j for the 
image of the object Io: one eye, can now 16.10 
ger f. ill on the correſponding part of the 8 
pad this variation muſt needs be greater, ac&6K0- 
; ng 
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ing as the eye is forced more aſide, as appears 
by « Experiment to be the caſdGGG. ois 


If you fix any object againſt a wall, or at there 
wife, and let a perſon ſtand very near it, ENG | 
at ĩt ſteadfaſtly, ſo as to view it fingle, ar and 
ther he removes backward, Nil looking ar the 
odject, you will find that when he was 5 near it 
| his eyes were turned more towards each other, 
tkan when he was at a diſtance, and that his eyes 
as he retired, continually receded from each other. 
Now in order to ſee an object well, its image 
muſt fall on the centre or middle Pad of the 
retina. If any perſon looks at an object with 
one eye, you will find that he turns his eye di- 
realy towards it; for though it may be ſeen other⸗ | 
wiſe, yet it is not ſeen diſtinct or clear, as will be 
found upon trial. Now if you imagine a right. 
Une perpendicular to the centre of the retina, 
that right line will paſs directly through the cen- 
ter of the eye to the object beheld, and this line, 
K called by opticians the epic axis. When you. 
fee a an object ſingly with both eyes, the two optic 
axes meet in the object; or in other words the 
* image of that object is then painted exactly 
on che correlpanding parts of the centres of 
* both eyes,” Conſequently when, the, object. 
is near, the optic axes muſt meet near, or form 
10177 2 
* greater angle, for which purpoſe the eyes mul; 
de turned more towards each other,.. But When 
the object is 28 991 the axes muſt mect at 4. 


40. * 
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S FREE and” therefore the 0 i 
be turned more away. from each other, 25 the. 
427 15 are Will alſo more fully explain, fox. 
unlel 8 x optic. axes meet in the object, he. 
imag! es of the object are not painted on the core. 
Sea £ parts of both eyes, and of courſe.the, 
objett will not be viewed ſingle; the contrary of 
which alu ways , happens when the axes meet in the. 
object. We have therefore, you find, ſeveral ways 
of Jodging of the diſtances of objects by viſion/ 
I. Byt both eyes, according as they are turned 
away fro: om each other to view them fogly,; 1 275 
By each eye, according as it muſt alter its figure 
for throwing the image of the object diſtig offi. 
on the retina; and, 3. By the ſmallneſs' and 1 
diſtinctneſs: with which objects of a known, foe. 
appear. Thus, diſtant hills appear ſmaller and, 
more obſcured by miſts, &c. than when they. 
are near, and thence are known to be remote: 
and thete ate alſo other auxiliary methods of, 
-judgitg of the diſtances of objects; as by con 
pariſon” Wick others whoſe diſtances are better 
known, ad te! like. 3 
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la ſome people we find that the eyes are "4: 
turally ailtorted; or they ſquint, and yet they, 
ſee objects Tirigly as well as others who have not 
that deformity; In theſe people, the globe of: 3 
one öf'tlił eyes is turned a ry with reſpect to 
che retina} ſb that the optic axis coming from 
the cenzer of the retina, does not paſs through the 


K 
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center 
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center of the cornea, or globe of che eye, as 
happens when the eye is perfect; and therefore 


when the. images fall on the correſponding parts 


of both retinæ, the eyes will not appear to an 
obſerver to look the ſame way, Thus, in 5g · 23. 
S is the ſquinting eye, N the natural one. The 

optic axis of & does not paſs through à., the axis 
of the globe, but on one ſide of it, and of courſe 
in order that the images may fall on the cor- 
reſponding parts of both retinæ, that eye muſt 
be turned ſo as to appear diſtorted. In ſome 
caſes however, theſe people only ſee objects with 
the ſound eye, the image in the other falling on 
the inſenſible ſpot at che entrance of he: optic 

nerve, already deſcribed. 5114 | 


if the retina loſes its ſenſibility, as ſometimes 
happens from an oppreſſion of the optic nerve, 
or other cauſe, no objects will be ſeen, though 


their images are thrown on the retina as uſual, 


or in other words a total blindneſs will take 


place; and if the ſenſibility be loſt in part, viſion 


will be leſs ſtrong in proportion. Alſo if any 
particular part of the retina ſhould happen to 
loſe its ſenſibility, either wholly or in part, a 
partial blindneſs, or Gefect of fight, will enſue ; 
the other parts of the retina enjoying their 1 | 
of: W as uſual. 1! 


If Ser of * coats or humours of, 1 eye 1 
map] totally opake, viſion will alſo. be loſt; 
becauſe 
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becauſe no rays can then paſs to the retina-. 
And if the opacity be imperfect, the ſight will 
become more obſcure in proportion. Sometimes 
the cryſtalline: humour becomes opake, but if 
It be removed by extraction, the fight will be 
reſtored, except that a convex glaſs lens is re- 
quired to be uſed, to ſupply the place of the 
humour loſt. This is not requil ite when the 
aqueous humour is extracted, as that humour 
N Rs | ö which the cryſtalline docs not. 

nol 99 80 

In ſoriie caſes th opacity is not total, bor 
only partial; and ſometimes there is a difficulty 
of knowing in what part of the eye the opacity 
exiſts. The doctrine of viſion already F 
wil afliſt 1 in aſcertaining it. 
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When- bags particles float in ahi aqueous 
humour, goats, flies, webs, and the _ 0 
to float before the eyes. 


When a perſon bas the jaundice, and the « ehe 
becomes tinged yellow, the objects ſeen: appear 
alſo to be tinged with that colour. Wuntg 


or rug COLOURS: OF LIGHT. | 
og on wh 1 % nl: 
Into ſuch an hole of a window-ſhutter as Was 
deſcribed at the beginning of this chapter, let a 
beam of the ſun's light be admitted, and it will 
e *obite pot on the oppoſite wall” 
90 Bos 


7 
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But if. the beam paſſes through a elaſs priſm, 
ſo that it may be properly refracted, the round 
ſpot will be changed into an oblong one; and 
inſtead of being white, as before, it will appear 
of various colours; its lower part will be red, 
its upper part violet, and the intermediate parts 
of other colours. If other priſms are uſed ſo 
as to refract the beam again ſufficiently, the 
colours will be found to lie in the following 
order; red, orange, yellow, green, blue, indigo, 
violet, the red running gradually through all its 
ſhades into orange; the orange into yellow, and 
the others into thoſe next following, till we come - 
to the deepeſt violet. From whence it is platn 
that light conſiſts of rays of various ſorts z ſome 
of which are more refracted by the priſm” than 
others, the red making -rays leaſt, the violet 
moſt, and the others intermediate to thoſe ac- 
3 as they ſtand in the above ſeries. 


4 

The rays of * therefore are not alike, for it 
appears that ſome of them are more, others 
leſs eaſily refracted by the priſm. Theſe dif- 
ferent rays have alſo the property of cauſing 
different colours in the eye, the leaſt refrangible 
ones cauſing red, the moft refrangible violet, 
and the others other colours according to the 
order deſcribed aboye; and all the colours in 
the univerſe depend on this diverſity of the 
rays. . When all the rays are mixed together 
they cauſe a white colour, and hence the light 
of 
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bt the ſun, which is compoſed of all forts of 
rays, appears white. If the blue and yellows 
making rays are mixed together they cauſe a 
green. If ted and violet ones are thus mixed 
they cailſes a purple. And mixtures of other 
rays produce other colours; The colours of all 
bodies depend on the kind of rays which they 
reflect to the eye. Thus paper reflects all the 
rays equally, and thence appears white. But if 

we put a ſlip of paper in the red part of the 
pectrum (for ſo the long ſpot of coloured light 
made by the refraction of the priſm is called by 
opticians) we find that it no longer appears 


white, but red, becauſe now it reflects only the 


red-· making rays to the eye. If we place it in 
the blue part of the ſpectrum, it appears blue, by 
reaſon that it now reflects only the blue- making 
rays. Sealing-wax naturally appears red, by 
reaſon that it reflects moſt copiouſly the red-mak- 
ing rays, but if it be held in the blue part of the 
ſpectrum, it appears no longer red, but blue; 


and the like may be obſerved of other bodies: 


Painters knew part of this doctrine by practice, 
long before the theory was found out. Thus 
by mixing a blue and yellow colour together, 
they compound a green. Red and blue, a pur- 
ple; and by mixing ſeveral compound colours, 
whioh, together, contain all the original colours 
mentioned above, in proper Proportions, they 
form a white, and the like, Thar is, thoſe mix- 
tures reflect the * producing thoſe reſpective 

N Colours 
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colours to the eye, and 'theiics nd to us of 
thoſe colours. 


If water be made tenacious with ſoap, and then 
blown into a bubble, it is well known that after a 
while a variety of colours will appear. Theſe co- 
ours depend on the thickneſs of the coat of the 
bubble, and vary continually as _ thickneſs 
decreaſes. 


To explain the reafvir of thid, let 4 B, 6 
(fig. 24.) repreſent a thin plate of air between 
two glaſſes, the upper one A B being plane, and 
the lower one convex: and let the lines inclining 
from the right tothe left repreſent the red mak - 
ing, or leaſt refrangible rays, falling, without 
any others, on the plate of air. It will be found 
that from the concourſe of the glaſſes 4, to 4 
the rays will paſs through that plate, or be tranſ- 
mitted ; but from-a-to'b they will be reflected. 
From 5 to c they will be tranſmitted; but from 
c to d they will be reflected: and ſo on alternately, 
according to the thickneſs of the plate of air. 


In like manner, if upon the bubble of water 
we throw only the red- making rays, the bubble 
will not become variouſly <dloured; as is the caſe 
when ravs of all forts fall on it, but rings of red 
and black alternately will be ſeen.” The red rings 
are cauſed by the rays reflected at thoſe thick- 
neſſes of the bubble, the black ones, ariſe be- 
cauſe no rays are reflected ar theſe thickhefſes 3. 
and if the bubble be viewed on the contraty ſide, 


or 
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of by the tranſmitted rays, thoſe parts which by 
the reflected light looked red; will now beaten 
black; and contrariwiſe; * 


When therefore the rays entered the 1 any | 
where between 4 and à, they preſerved; their 
diſpoſition to be tranſmitted till they arrived at 


the further ſurface of the air, and therefore were 


rranſmitted. But when they entered the air at 
the thickneſs any where between @ and h, they 
loſt their diſpoſition to be tranſmitted by the 
time that they arrived at the further ſurface of 
the plate, and therefore were not tranſmitted; 
but reflected. The like may be obſerved of the 
thickneſſes O, c; c, d; d, e; &c. but the thick- 
neſs cd being double that of a 5, the rays muſt 
have had two fits or diſpoſitions to be reflected 
in their paſſage through the latter thickneſs, and 
for the ſame reaſon they muſt have had two fits 
or diſpoſitions to be tranſmitted during their paſ- 
ſage through the thickneſs 5*cz and ſo in pro- 


portion for a greater thickneſs. From hence it 


appears, that the rays of light do not move on 
uniformly, but by fits, or ſtarts; that if they 
arrive at the further ſurface of the plate in the 
progreſſive fir, they break through that ſurface 
and ſo are tranſmitted; but that if they arrive 
at that ſurface between theſe progreſſive fits, they 
are on the contrary reflectad. This pulſatory 


motion of a FA of light is called the vibration of. 
the W 


* 
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The rays of light of all other colours move on 
in like manner by fits or ſtarts, or have a like 
vibratory motion, but with this difference, that 
their, vibrations are ſwifter; that is, they have a 
greater number of them in the ſame time, or in 
moving through the ſame ſpace, than the red- 
making ones. The violet- making rays, for ex- 
ample, vibrate almoſt twice as ſwift as the red, 
that is, though they move on with the ſame ve- 
locity as the red, yet in moving through the ſame 
ſpace: rhey make almoſt twice the number of vi- 
brations. Hence the violet rays begin to be 
reflected at a leſs diſtance from A than the red 
ones, at x for example; and begin to be again 
tranſmitted at a leſs diſtance than 3, or even 
within a, and ,1ſo on continually ; and the times 
of vibration of the other rays, and of courſe the 
ſpaces or diſtances from A, at which they begin 
to be reflected and tranſmitted, are greater than 
thoſe of the violet, in proportion as thoſe rays 
are nearerto the red ones in the ſpectrum; that 
is, in the order of violet, indigo, blue, green, 
yellow, orange, and red. Agreeable to this theory 
we find that in the bubble of water on which all 
forts. of tays fall, the red in every order of the 
colours is outermoſt, and the violet inwards; 
the other colours lying between, according to 
the order of their reflection as above; ſo far ar 
leaſt, as from their mixture in ſo ſmall a com- 
ae be £0 ee from rann other. 
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From this curious theory W have the cauſe : 


of the colours of bodies; the particles of Which, 
according to their different ſizes or thickneſſes; 
reflect rays of different colours to the eye, on e 
ſame principle as theſe colours are exhibited by 
different thickneſſes of the bubble. Sit Take 


Newton, to whoſe tranſcendent genius we are 


indebted for this theory, has even caleulated the 
thickneſſes of a bubble of water, and of the par- 
ticles of bodies, requilite to their exhibiting the 


Various colwure, 
' 1 2 a : 
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From, i SF we are furniſhed with ithe 
ſolution of a variety of phenomena in chemiſ- 
try. If an acid be added to a blue vegetable 
infuſion, as ſyrup of violets, it changes its co- 
Jour. to red. If an alcali be added to the ſame 
ſyrup, it alters the colour to green; which 
ariſeth from hence, that the ſizes or thickneſies 
of the colouring particles of the ſyrup are in 
theſe caſes varied by the reſpective additions, ſo 
as to cauſe them to reflect rays of different co- 
lours, The particles of venous blood exhibit a 


deep red but by expoſure to air, and the con- 


ſequent loſs of their phlogiſton to that fluid, their 


ſizes or thigkneſſes are altered ſo. as to reflect 
.thoſe;rays which conſtitute ſcarlet. By mixing 
chemical Jiquids, tis welt known:that a variety of 


odd, changes of colour ſucceed, which are eaſily | 
accounted for by this theory. But for farther 


information in this curious doctrine the reader 


LE is 


5 
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1s referred to the illuſtrious author juſt men- 
tioned, and alſo to the ingenious Mr. Delaval's 
| treatiſe on colours. I have only introduced thus 

much of it to explain the vibrations of the rays 
of light, the underſtanding of which will be ne- 
3  ceffary to what will be advanced in a future 
[ cCWðhapter relating to viſion. | 


7 8 — ow ht \ 
— —_ * — way 1 b ; 2 4 
—— Tot SIZW T2 I a» 9 „ 24 * 
a, n 7 4 LACS © + RD. xd a 
. * j . a 92 


r — 
6 ů ——ů — 44 Panera — 


— ge 
* - 
POIs Symone 


I have now gone through as much of the Fi 
lightful ſcience of optics as is neceſſary to the 
Illuſtration of the doctrine of viſion; with the 
following particular therefore, 1 ſhall Fm this 


nder. 
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The refrangibility of the rays of light as above 
deſcribed is cauſed by the attrafting power of 
the priſm; and as the violet- making rays are 

moſt refracted, and the red-making ones leaſt, 
it follows that the former are ſo conſtructed 

(whether by being compoſed of ſmaller particles, 
or otherwiſe,) as to be more eaſily drawn out of a 
their right-Jined Grecyon, 4M 


When incombuſtible bodies are heated, it is 
well known that they ſhine, or emit light. They 
are then ſaid to he ignited. Now the rays that 
are leaf} refracted by bodies are moſt eaſily ex- 
pelled ; in ignition; for bodies when heated, firſt 

mine with a red coloured light; and this argues 
that as the red-making rays are leaſt attracted 
py the priſm, ſo the particles of which they arg 

9 compoſed 
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compoſed are retained by bodies with leaſt force, 
As the heat encreaſes, the particles which con- 


ſtitute the more refrangible rays begin likewiſe 
to be expelled, and by cheir mixture wich the 


others, the red colour of the body verges more 
towards white; and when the heat is ſufficient, 


ſo as to expel all the particles equally alike, the 
colour muſt be white; hence dle m_ 1s =o, 


to be white bot. 


But the flames of phoſphorus, e ulpbun 
of ſome other bodies are not ignited, for if they 


were they would ſhine with a colour ſomewhere 
betwixt reddiſh, and white, for reaſons juſt 
given. On the contrary, their colours are Aue: 
their light therefore muſt be emitted on a dif- 
ferent principle from that of ignition. 9 


To underſtand the reaſon of this, ſuppoſe that 
either the inflammable body, or the air, contains a 
quantity of particles of light; and that in the 
Proceſs of combuſtion it is transferred from the 

one of thoſe ſubſtances to the other. But that 

the quantity extricated from the one, is greater 
than the other can abſorb. That therefore which 
is not abſorbed will appear, or yl off, under 
form of _ 


* I. 


As in ignition bade, retain 4910 blue Joke 


moſt powerfully, and part moſt eaſily with the 


red, and other particles which compoſe the leſs 


N4 refrangible” 
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refrangible rays, ſo in combuſtion the abſorbing 
ſubſtance will, for the ſame reaſon, moſt eaſily 
Acquire the particles which compoſe the leſs re- 
frangible rays; with which being firſt ſaturated, 
the others remain behind as the ſuperabundant 
particles above ſpoken of, to be driven off in 
the form of light. The flame therefore muſt 
appear of a blue colour, as we find 9 r 
to be the caſe. 


From hence therefore it appears that light 
exiſted in a latent ſtate, either in the air, or the 
inflammable body, as was mentioned before, 

For that part of it which was not abſorbed, aſ- 
ſumed the form of the more refrangible or blue. 
waking rays; and of courſe, if that which was 
abſorbed had alſo reſumed its luminous ſtate, 


it would have conſtituted thoſe rays which are 
BY refrangible *, w_ 


It may be Steed hae thoſe flames which 
are hotter than the e as of tallow, oil, &c. 
are alſo ignited; and therefore their colours are 


amen of che Mere of _ and _ com- 
buſtion. n 2 
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The blue light of the Hatter t may be ſeen at 
the an of the flame. Fe or r the particles take 


Ul? os " "IE IE? TI 41,478) SITE 74 4 * ſome 


* 1 lapect that What T call the light of e Comes 
from the inflammable body; and that it was chemically combined 
therewith, (ay the fire or heat was with the air) conſtituting 
its logiſton. | " 
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ſome little time to become red hot; and there- 
fore they do not begin to emit the light of igni- 
tion till they have aſcended ſome little way up 
the vapour. When the flame is u ml- 
nute, nothing but this blue light 2 is ſeen. +: 
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O UN D is ce dene by "kh 
to depend on the air: for if a bell be ſtruck 
in a veſſel exhauſted of air, it yields no found. 


I have already ſhewn that the particles of air 
are elaſtic, or that they repel one another, and 
therefore are kept at a diſtance from each. 


If a. muſical ſtring, ſtretched ſufficiently tight, 
be drawn into a curved figure, and then let go, 
it cauſeth a ſound. _ 


The found is occaſioned by the vibration of 
the ſtring, or motion of it continually to and 
fro, inthe manner of a pendulum, till it returns 
to a ſtate of reſt, 
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As the ſtring moves to and fro, it drives the 
particles of air contiguous, a little forward, 
DPhoſe particles urge on thoſe next them, thoſe 


again others, and ſo on to a diſtance, till the force 


of the ſtroke is ſpent. Hence — 


1. The effect of one ſtroke or pulſe will be 
propagated to a greater diſtance, according as 
that pulſe is ſtronger. Thus loud ſounds are 
heard at a greater diſtance than weak ones, 


2. The effect of a pulſe or ſtroke, is propa- 
gated through the air in time, and the time is 


greater according to the diſtance. For it muſt 


take up twice the time for a pulſe to be propa- 
gated two miles than one. Hence when we arg 
at a diſtance we ſee an object ſtruck, or view the 
flaſh of a gun, ſome time before we hear the 


ſound, and this difference is greater according 


as we are at a greater diſtance. Sound moves 


about 1142 feet in a ſecond; and all ſounds, whe- 
ther ſtrong or weak, move with equal ſwiftneſs; 
the particles of air, like a pendulum, vibrating 
in egval times, whether the latitude of that vir 
bration be greater or leſs, VE IE NL, 


3. For while the ſtring is going back after 
the ſtroke, the particles of air, which it imme- 
diately impelled, return to their former places, 
or rather beyond, in the manner of a pendulum; 
and the particles beyond theſe do the ſame in a 
2 | continual 


$8 Q U N D. 
continual ſucceſſion, according to their diſtance; 
but when the ſtring returns, it again drives — 
forward as before, and fo on alternately, as long 
as the ſtring continues to vibrate. This agitar 


tion is propagated alike on every ty from rn 
ſtring through the air, 


This reaſoning however, is ſomewhat 2 


In order therefore to form a clearer idea of this 


matter, drop a ſmall round pebble into a pond 
of water; immediately a ring, or circle will be 
ſeen, propagated from that pojnt, and ſwelling, 
or extending itſelf to a diſtance. Phis ring is 
ſucceeded by another, that again by another, and 
O continually, till the effect ceaſes, If inſtead 
of rings, or circles, hollow ſpheres be unagined 
to flow in like manner, from the vibrating ſtring, 
it will give a proper idea of the manner in which 
ſounds are propagated through the air, But as 
air is above $00 times rarer than water, thewavey 
or pulſes of air, move above 800 times as faſt 
as thoſe of water. The ſounds of all other bodies 
are cauſed by like vibrations of the bodies, 
and thoſe vibrations cauſe ſpherical waves ar 
pulſes in the air, in the ſame manger as hath been 
elende of muſical rings. | 


Some ſounds ei more acute or ſhrill ; others 
lower, or more graue. Thus, 2 woman ſings 
in an high, ſhrill voice, but a man much deepet; 
r the difference may de ſtil] better illuſtrated, 
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by means of an harpſichord or organ. The tre- 
ble keys, or thoſe on the right hand, cauſe high- 
er notes; and the baſs keys, or thoſe on the left, 
notes which are deeper; and there is à regular 
gradation of them, from the higheſt, or moſt 
RG to the loweſt," or moſt _ R099! 


= 


The ſtrings which yield the high notes are 


| ſhorter, ſmaller, and drawn tighter than thoſe 


which give the low ones; the vibrations of the 
deepeſt baſs ſtrings are ſo flow that they may be 
ſeen by the eye. They are ſwifter as we approach 
towards the treble ſtrings, and in theſe latter, 
the vibrations are ſo ſwift, that the eye can no 
longer diſtinguiſh them. The ſounds therefore 
are higher in note, according to the ſwiftneſs of 
the vibrations of the ſtrings ; and the like may 
be obſerved of the ſounds of other bodies. Now 
as every vibration of the ſtring cauſeth a wave or 
pulſe in the air, it follows, that the acuteneſs of 
the ſound is greater, according as theſe pulſes, or 
waves ſucceed each other more ſwiftly on the 
ear; or according as there are a greater number 
of them in a given time. Pulſes which are 
twice as ſwift as others, cauſe ſounds which are 
octaves. Pulſes which are four times as ſwift as 
odere cauſe double ae and lo on. 


7 288 37810 LY 3; 11 1 111 


TWO ſounds whbſe pulſes fliccaht each other, 
equally: f(wift; are uniſons; their OY any $a pres 
at 


10 e211 I di bogus i) n 
nof1610 1th 


s o * D * 
at the ſame inſtant of time, and hence an uniſon 
is the moſt perfect concord in walks ee 


nl n 


Two ſounds 0 pulls are in ſwiftneſs as 
two to one, are octaves. Their pulſes meet at 
every ſecond vibration of the ſwifteſt, and at 
every vibration of the ſloweſt. This therefore 
is the ſecond concord in muſic. | 


Two ſounds whoſe pulſes are as three to two, 
meet at every ſecond of the ſloweſt, and at every 
third of the ſwifteſt. This concord is called a 

#fth, and is the third and laſt perfect concord. 


Sounds whoſe pulſes are as four to we; as 
five to four, as ſix to five, &c. are leſs harmo- 
nious when ſounded: together, than the concords, 
and are therefore called diſcords, and they are 
more diſcordant, according as their pulſes meet 
leſs frequently. They are uſed in muſic to give 
a variety to the concords, which would other- 
wiſe be too luſcious for the ear. | 


On this coincidence of pulſes depends ano- 
ther curious property of ſounds. If two mu- 
ſical ſtrings are drawn into unifon with each 
other, and one of them be put into vibration, 
it will cauſe the other alſo to vibrate, ſo as to 
yield a ſound. This ſecond ſtring is put into 
vibration by the pulſes excited in 8 by the 
ws which pulles correſpond with the times of 

vibration 
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vibration of this ſecond ſtring; the ſound of 4 


flute, the voice, &c. in uniſon with a ſtrings 
den Ade put it into vibration. 


A big will alſo be affected in this manner; 
though in a leſs eminent degree; by a ſound 
which is an octave to it; and in a degree ftill leſs 
by a ſound which is a fifth. But as the coinci- 
dence of the pulſes is not at every vibration, the 
effect, eſpecially in the latter caſe, is not conſi- 
derable; and therefore uniſons only are uſually 
| conſidered i in this view. 


I ſhewed before, that light moves on in a 
right line; and when the ear is ſo ſituated, that 
the ſound may come to it, directly from the 
ſonorous body through the air, the ſound is 
heard directly in that ſituation. If four ſonorous 
bodies are placed eaſt, weſt, north, and ſouth, 
and no obſtacle intervenes, their ſounds are 
heard directly in the lines of their reſpective⸗ 
| fituations, 


I explained likewiſe char light is reflected i in 
an angle equal to that of its incidence, and the 
fame happens with ſound. If a ſound coming 
from a body be reflected by a wall, or hill beyond 
us, the original and reflected ſounds are both 
heard in their reſpective fituations. Echoes are 
ſounds reflected according to this law, 


Thiere 


SOUND 101 
There is, however, this differenct between 
kk and ſound, that an object cannot be ſten 
out of the right line, or in the ſhade, But found 
being made, not by the emiſſion of "particles in 
right lines, like light, but by preſſion, of pro- 
Pagation through a medium, or fluid, which is 
on every fide, ſounds may be heard but of the 
right line, of when the bodies yielding them are 
not feen, only they are heard to leſs advantage. 
Thus an echo is heard moſt perfectly at the place 
where the ſound is reflected in the angle equal to 
that of its incidence. But it may alfo de heard 
in other places. 


When ſound paſſes n an 12 tube 
of a conical forin, 1t is ſtronger, or louder at its 
exit through the ſmaller aperture, than it was 
at its entrance at the larger. The reaſon of this 
is obvious, the ſound being condenſed in its paſſage 
through the tube. On this principle, eſpecially 
when conjoined with the following, ear-trumpets 
are formed; the ſounds being collected by the 
large aperture of the tube and thrown in a more 
condenſed form on the ear. 


2 


When ſound paſſes through a 6 tube, it & 
alſo ſtronger at its exit, than itwas at its entratice. 
For as light reflected by mirrors is brighter and 
hotter, ſo ſound reflected by elaſtic bodies, is 
made ne or luke chan before. The ſound 
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in paſſing through the tube is continually reflect- 
ed by the ſides thereof, and of courſe condenſed 
and ſtrengthened in the axis. - Hence. 2 
trumpets, horns, &c. encreaſe the loudgeſs of 
ſound. 


When ſounds are +2. F tympanum hay 
the faculty of becoming more tight, ſo as to re- 
ceive a ſtronger impreſſion from them, On the 


contrary, when the ſounds are ſtrong, the tym- a 


panum relaxes, ſo that the impreſſion which 
they make on it may be leſs violent. This is 
analogous to the contraction and dilatation of 
the pupil of the eye in like circumſtances. 


+ - 


- Diſtance is judged partly by the faintneſs and 
* hnek of the ſound, and partly. 1 other 
means not hey wholly diſcovered, 
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HYDROSTATICS, 


F a body be let fall in vacuo, it will deſcend 
towards the earth with the greateſt velocity 

or ſwiftneſs that the power of gravity is capable 
of giving it. A feather let fall in an exhauſted te- 
ceiver deſcends to the bottom as faſt as a ſhilling, 


But if the feather be let fall in a fluid, its 
deſcent will be hindered, and that more accord- 
ing as the fluid is denſer; ſo that if the fluid is 
of equal denſity with the feather, the latter will 
not deſcend; and if the feather be rarer than the 
fluid, it will, on the. contrary, levitate, or riſe 
to the top. See likewiſe what was ſaid of en 

gravity in the introduction. 


A A feather and a filling, i in vacuo, deſoryd 
with equal velocity. In air, the feather hardly 
deſcends at all, becauſe of its rarity: whereas 
the ſhilling, being much denſer, is very little in- 
terrupted by the air in its deſcent. But in quick- 
ſilver, the ſhilling riſes to the top as 1 as ** ; 
1 though with leſs velocity. 


E Now 


94 ayDROSTATIC 58. 


| Now. the fandamental law in cee de. 
| pends on the force with which any body deſcends 
in a fluid. In vacuo this force is greateſt of all; 
in air tis leſs; in water {till leſs, and in quick- 
ſilver, or. other denſer, fluids, Rill leſs than in 
water. The force of deſcent is called the weight 
of the body in the given fluid. And hence we 
| ſay that any body, ſuppoſe gold, weighs lighter 
in air than in vacuo, lighter in water than it in air, 


"md lighter in quickſilver than i in water. 


3 


„ 


wi I would know the comparative welt of 
ivoty in water and in air, I faſten the ivory by a 
lender thread to one of the ſcales of a balance, 
ſo. as that it may hang down below the ſcale ; 
I weigh it in air, and find that it weighs 60 
grains. I now let the ſuſpended ivory down into 
water in a baſon, the ſcales themſelves remain- 
ing in the air, and find that the ivory weighs 
lighter in the water than it did in the air, the 
ſcale with the weights in it deſcending. I there» - 
fore add weights to the ſcale to which the ivory 

is ſuſpended, till the equilibrium is reſtored, 
— find that 31 grains are neceſſary for that 
purpoſe; 31 ſubtracted from bo, leaves 29; ſo 
that a piece of Ivory, which in air SOS © 60 
grains, . in water, only 29. 2 
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oY Solid bodies a are weighed | in fluids for the pur- 
5 poſe of diſcovering their ſpecific gravities. 1 
"wow know, for example, the W that 
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the 1 pecific gravity of ivory bears to that of lead. 
I take a piece of each of them, weighing in air 
exactly 60 grains each. By weighing them in 
water I find that the lead loſes” 32 grains, and 
the ivory” 31 grains. Conſequently the 3 
gravity of lead, is to that of ivory as 31 to 32, 

or in the inverſe proportion of their weights. 4 


That i is, lead is above five times heavier than 


ivory. In this manner may the ſpecific gravities 
of ſolids be aſcertained. If the ſolid to be 
weighed is liable to be diſſolved in water, ĩt may 
be weighed in ſome other fluid, in which it will 
not be diſſolved. In dil, ſpirit of vine, or 
quickſilver for example. 1 . 8 
By this method the comparative ſpecific gra- 
vities of folid bodies may be eſtimated, Thoſe 
of liquids may be diſcovered 1 in a manner ſome⸗ 
what ſimilar. w 9} OP 4 15. 
The proportions of the ſecide erik 
water, and oil of vitriol, for example, are re- 
quired. I take a piece of lead, which in air, I 
find to weigh 455 grains. I weigh it in oil of 
vitriol, and afterwards in water, and the weights 
are 379, and 414 grains. The loſs of weight in 
the firſt caſe is 76, in the latter 41 grains; theſe 
numbers are inverſely as their ſpecife gravitiesz 
and of courſe the ſpecific grayity of oil of vitriol, 
is to that of water, as 76 to 41; that i Is, almoſt 
Wiz 0 ef. It is by theſe means that. the 
0 2 tables 
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tables of ſpecific gravities of bodies are conſtruct- 


ed, and their denſities known. 


On this principle likewiſe, drometers may be 
conſtructed, which are ſo uſeful for diſcovering the 
purity of vinous ſpirits, and other liquids. If a 
piece of metal, glaſs, &c. be made hollow and 
thin, it will ſwim in a liquid ſpecifically lighter 
than itſelf ; but with this difference, that the 


lighter the liquid, the deeper will ſuch a veſſel 


fink, or be immerſed; therein. Spirit of wine 
is lighter, according as it is more pure, and there- 
fore the deeper ſuch an inſtrument ſinks in it, 
the greater is its purity. But the hydrometer 
moſt frequently uſed, is a thin, hollow globe of 


copper { g, fig. 25.) with the handle 5. This 


globe is ſo contrived as to be barely ſuftained 
in ſpirit of a certain purity or denſity, which 
therefore is called proof. If it ſinks in a ſpi- 


rit, the ſpecific gravity of the latter is too little, 
or it is above proof. If it requires an addition of 
weight to make it ſink, the ſpecific gravity of 


the ſpirit is too great, that is, it is not ſufficiently 
pure. And as heat, by expanding bodies, lef- 
ſens their ſpecific gravity, there are bits of metal, 


or the like, to be occaſionally ſcrewed on tO, or 


taken from the point p, anſwerable to the degree 
of heat, and the conſequent ge of e 
ele of the liquid. 


; 17 313. 
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\Lrorkrerry is 3 to Geke We 
and frequently with good effect. I ſhall 
therefore next proceed to give the reader an vided 


of tliat.entterraining branch of philoſophy. nds 
« $4 "ti $30, 
Bodies are divided. by writers on this fence 
into elearics and non-elefrics. | i Sruqts d 


The electrics are glaſs, 3 roſin, de 
air, ſük, and certain other ſubſtances; „ | | 


The non- electrics are metals, water, the cunt, 
anima ougetable fluids;: & ũc. 22 


dine 


Electricity is an exceedingly ſubtile and ala 


fluid, which may be rendered ſenſible; by its 


effects, to the feeling, and other ſenſe. 


Electrits are impervious to the electric Kh 
Non- electries are readily pervaded by it. For 
this reaſon the latter are alſo called conductors, 
the former non- conductors of electricity. 

O 3 It 
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It Was fhewn in a former chapter, that diffe- 
rent bodies have different capacities for contain- 
ing "fre; and that at the common temperature 
ſome bodies retain” a greater ' propottion of it 
than others, But that fire has a tendeticy to dif- 
fuſe itſelf over all bodies in ſuch a manner as to 
preſerve an equilibrium with regard to their ca- 
| acities for containing it; or in other words, till 
thoſe bodies are reſtored to an equal degree of 
ſenſible heat. When an hotter body is applied 
to a colder one, the former loſes, and the latter 
gains heat, till che equilibrium between them i is 


2 i | Wie N 


The ſame rule obtains with regard to electri- 
city. Some bodies naturally retain more of it 
than others + ; but yet there 15 a like tendency 
to an equilibrium, as in the caſe of fire; with 
this difference, that whereas it is ſome time before 
We eie is reſtored with reſpect to heat, 
in | than it is effected in an inſtant, * 


| "The equilibrium i 18 deſtroyed by 8 me- 
thods;, but that uſually employed is friction. 


wy glas, which is an electric, be rubbed with 


1 1 a non- electric, the part of the ſurface of - 
Lo pars s DMAYOT. *hhe 


.. b 5 ; 

1 This holds good not only with different bodies, but even 
with the ſame body in different ltates, as was ſhewn with regard 
to fire, Thus glaſs is an electric in the ordinary temperature of 
the atmoſphere, . but if made hot It becomes a conductor. Water 
3s a conductor; but if frozen with a due degree of cold it becomes 
an electric ; and this is alſo the caſe with water in its elaftic ſtate. 


as the glaſs is heavy, an 
of the former moving towards the latter, the fea- 
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the former which is affected by the friction, will 
become, diſpoſed to attract: or receive the elec- 


trical fluid. It will therefore flow from the 10 


ther to the glaſs; and of courſe from the n 


electrics around to the leather, MP MO cor 


the equilibrium d Mer n 


19000 (13 


This: encreaſed attraction, or ape of the 
glaſs to receive electricity however, is but 8 0 | 
mentary.; for as ſoon as the friction is over, * 


diminiſhes; and the glaſs gives out, by degrees 
the whole of of the fluid which 1 ic had abſorbed.” 80 


1 ans 

If feathers, or other light, non- electrio ſub. 
ſtances be applied to the glaſs in this ſtate, they 
violently attract its redundant electricity, and 
therefore the glaſs itſelf which contains it. But 
and the feather light, inſtead 


ther, as being a calily moved, w_ mh upon 
the elaſs. SA n 


n 43 


But when the feather has ke 10 W 208 
tricity from the glaſs, as that an equilibrium 
obtains between them, they mutually repel each 
other, and the latter, being the lighteſt, 1 dri- 


ven away: nor will it be attracted again tin it 


has touched ſome other ſubſtance, to which ! it 


1 ma 
$f n tog. e I. + * 


+ The term attradtion, though katy 1 - m be im- | 


proper, yet having been commonly uſed as being moft convenient 


for the e of che LE of electric ak 5 bn 


11 . 
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may impart its acquired electricity. Having 
dope chis, it is again attracted by the glaſs, and 
after wards repelled, for the reaſons; juſt gien: 
and this happens till the feather ang glaſs have 
only, their, natural quantities of electricity, when 
the attraction and repulſion ceaſ Ne. 


To collect this fluid for the purpoſe of expe- 
riments, Philoſophers have contrived the er 


ing apparatus. Wo ts 1 | 5 3 Ty 1 * dit 


1 


Agglaſs globe G, (fig. 26. 5 is mounted, wi 
furniſhed with a rubber R, as in an clectrical 


machine. The rubber is a piece of leather, ſtuff- 


ed, and faſtened on a braſs handle, with'a ſpring, 


ſo as to preſs againſt the globe. A gun- barrel, 


or other non: electric body is inſulated, (that is, 
ſuſpended by ſilken ſtrings, or otherwiſe, ſo as 
to have no communication with any non electric;) 
one end of it armed with points, being at a ſmall 
diſtance from the globe. This is called the prime 


conductor (C). It may be obſerved, that the rub⸗ 
ber ſhould alſo be inſulated, or fixed upon baked 
wood, glaſs, or the like, ſo as not to > be! in con- 


24) Hl. 


tact "with any other non. electric. 8 
1} Ones 


If the globe 90 whitled an by Sd of | 
the wheel / and the ſtring $ &, à friction will 


take place between it and the rubber, and it will 
become diſpoſed to receive electricity; as men» 


tioned before. It will therefore begin to draw 


the electric fluid out of the rubber; but as the 
parts 
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parts of the ſurface ſucceflivelyTubbed; will alſd 
preſently begin to let it go again, it will De ar. 
trated; by the conductor C, and accumulated 
thereon.” But when the fluid is all Atrracted from 
the rubber, the accumulatib Om the endö cker 
can be no farther increaſed; ancl the prbèeſs is at 


a ſtand, | . 2 EE 
/ _ 4. Y Noi. 18 17 18 bien 21171 Bolko oF | 


Ik Ron Wever, the rubbet be 'made to commu . 
nicate with the floor, the earth, or any other ons 
electric, (as might eaſily be done, by means of a 
metal chain, or other conducting ſubſtance, ) the 
electricity contained in theſe bodies will flow to 
the rubber to reſtore the equilibrium. The 
globe may again be excited by friction againſt. 
the rubber, The operation may be continued. 
at pleaſure, and the fluid may be ee 
on 58g conductor in ſtill greater wand e Ja 
SIS AN Qi pe 10 Ly NC 
It may at firſt \ view be imagined that the wap 
er the globe 1 is whirled, the more electricity will 
be thrown on the conductor. But this will, not 
happen when the velocity of the rotation exceeds 
a certain degree, becauſe the diſpoſition giv en to. 
the parts rubbed, of abſorbing electricity, does 
not go off before theſe parts ſucceſſively arrive 
at the conductor; and to the effect in queſtion, 
it is neceſſary that they ſnould on the contrary... 
have begun to give out their CABO eleQnigity; | 
* W time. Fl 813 E 0% Hang! 


201 ELECTRICITY. 

As there is à violent tendency in the electrie 
fluid to diſperſe itſelf in equilibrio in all bodies, 
according to their diſpoſitions for retaining it, 
any - non-ele&ric applied to the conductor, hav- 
ing a leſs relative quantity of that fluid, will 
le from it ſo much of its electricity as to re- 
ſtore an equilibrium between them; or the fluid 
will ruſh with great violence from the conductor 


into the body, in order to reſtore chat e 
brium. _ 


Go 


© The human body is a an ans 4 
courſe this will alſo be the caſe with it. If 
the finger, or any other part, be applied to the 
conductor, the fluid ruſhes with great violence 
into that part, and hence the uneaſy ſenſation, 
or painful ſhock which is felt on thoſe occaſions, 


If the perſon ſtands on a not · electric, the 
fluid will paſs thro? the body into the floor, &c. 


But if he ſtands on an electric, (ſuppoſe reſin, 
or glaſs,) the fluid which he received from the 
conductor will remain in his body, being hin- 
dered from paſſing off by that electric, and by 
Lye air on every {ide around him, which is alſo 
an electric; and therefore he will be electriſied 
as well as the prime conductor; and indeed an 
human body thus inſulated, or placed on electric 
ſubſtances, might ſerve for a prime conductor, 
Toro ee ans; 
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and receive an nen n of elek. 


city. 9 $541 9895 IB or iy . * 


510338 


K any TTY not 1 io or 1 non: 
electrie, 125 applied to the perſon thus electrical, 
or, W 85 is the ſame thing, if he ſteps on, the 
floor, or touches any other non - clectrie not in 
ſulated, the fluid will ruſh from him into tha 
other body, the ſame as it would from the con- 
ductor; and he will feel the ſame ſenſation if 
parting with the fluid as he did in receiving it 
from the conductor. Tis remarkable that a 
viſible ſpark, and a ſnapping noiſe happen, on 


theſe occaſions, together with a ind or 
phoſphoreal i{mell, | 


TOES On 
DTS! YI 


If the electrified perſon n another who - 
is inſulated, or placed on electries, the fluid will 
not paſs off entirely, as happens where the per- 
ſon, or other non- electric touched is not elec- 
trified, but only half of the accumulated fluid 
will paſs from the former into the latter, or ſo 
as to preſerve an equilibrium of the fluid be- 
tween them. Both theſe perſons therefore will 
be electrified, but only half as much as the firſt 
was before ſuch communication. 


> A 7 
111915 


When a perſon is electrified, the fluid may bo 
drawn off from him at any part by Ee a 
non· electric ſubſtance to that part. Thus, if the 
finger, knuckle, a key, or the like, be a pplied i 
to o the aſa the fluid will be diſcharged through 

I that 
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that organ. If it be applied to the 0 che fluid 


will be diſcharged into it through the ear, and 
ſo of any. Other part. Hence in medical electri- 
city, we gan draw off the fluid through any part 
that happens to be affected, and thereby are fre- 
quently, enabled to 9 ſervice, or even Set: a 


1 1 


inſulated wk at any ede part. 408 may 
likewtife be made to enter the body at any part, 
and. paſs through, or'out of it at any otherpart, 
by letting the prime conductor, and the non- 
electric properly communicate with thoſe parts. 
Thus, if a finger touch the prime conductor, 
and the toe the floor, the fluid will enter the w_ 
at- he ger, and pals out of it at he _—_ 


"When, the hn body, or 8 nee 
erde more of the electric fluid than it naturally 
would, it is ſaid to be electrified poitively, or plus, 
But if it be made to contain leſs of that fluid than 
its natural quantity, it is {aid to o be Clenfifed ne- 
S or minus. | | 
14 4 was ſhewn, for example, that ee: rub- 
ber is inſulated, or has no communication with 
other non: electrics, the excited globe preſently 
draws, away all the electricity which that rubber 
naturally contains, and which is again attracted 
from it, by the prime conductor. The conductor 
therefore is electrified poſitively, or has more of 
the fluid than its natural quantity, the rubber on 


the 
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the contrary is electrifed i galiveh, or has le]; x 
of the electric fluid than it would naturally c 4 
tain, From whence it will ealily' be rw Nie 
chat whereas'the conductor will part with clectri- 
city to any hon: electric applied to it, the ruh w 
will, on the contrary attra# deftricity ty from) ſde 
non electrie; theſe oppoſite 5 ; thoſe 
bodies being equally the effects of the t ndefcy 
of the Avid to reſtore the equilibrium: 
nuch ves 38-vÞ 2677 5d etiwoalt 
Thus, fuppoſe dee bodies, hot, luke warm, 
and cold. The lukewarm body applied to the 
cold one, will communicate fire to it, till beth 
become of an equal heat. But if the Jultet 
warm be applied to the hot one, the latter III 
communicate fire to the former; and wheit 
the equilibrium is reſtored between them, they 
will both be hotter than naturally, as in ander 
caſe n were colder. unnd 


oo 


118 like manner, if the human * or ces 
non- electric, inſulated, touch the prime condue: 
tor, part of the fluid will ruſh from the conductot 
into the body, and they will both be electrified - 
poſitively, though in a leſs degree than the con- 
ductor Was before. But if the body touch che 
rubber, the electricity which the body naturally 
contains, will on the contrary, ruſh ftom the 
body to the rubber, till an equilibrium obtains, 
and ilen boch vil be eleQrified ee the” 


"19: LV a 111135915 21 „70 %% 4 
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in a leſs degree than the rubber was previous to 
ſuch communication. 


If now the machine be worked, the 8 will 
again attract electricity from the rubber, and the 
rubber from the inſulated human body in con- 
tact with 1 it; the fluid will be accumulated upon 
the conductor; and this proceſs may be continued 
till all, the electricity which the body naturally 
contains, be drawn out of it, when the proceſs will 
be, interrupted, or ceaſe, as before, The body 
therefore will now be electrified minus, in the 
greateſt poſſible degree, and will therefore attract 
the electric fluid with the greateſt violence from 
any non- electrics which contain it; and thus may 
we electrify with the body in a negative ſtate as 
well as when in a poſitive one; for whether the 
body receive or part with this fluid, the ſenſation 
and other effects are the ſame, ſo it be done in 
an equal degree. It may likewiſe be remarked, 
that if the body be in a negative ſtate, yet if a 
body ſtill more negative be applied to it, it will 
part with electricity to that body; on the con- 
trary, if it be in à poſitive ſtate, yet if a body 
ſtill more poſiti ve be applied to it, it will receive 
electricity from that body; and the ſenſation, 
and other effects will be the ſame as if the diffe 
rences, which are heve only een haben 
ablolure, 

Elitherto 1 have diſcourſed: n f Burke 
eleficification.. I ſhall now - pri to the elec- 
#17 - tric 
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the 


tric ſhock, or the famous phenomenon. of i 
| Leyden phial. 0 x1 

Leet a pane of "OY be coated, or covered wie 
tin-foil, or other proper non-ele&ric matter, ſo 
as to leave a ſufficient margin all round, See 
figure 27. and let one ſide of this coated 'patic 
be made to communicate with the "inſulated 
rubber by means of a non-ele&ric, ſuppoſe 4 
wire, If now the machine be worked, the globe 
will attract the electricity from the rubber, and 
the rubber from that ſide of the coated glaſs, 
till it has taken all the electricity out of that ſide. 
If a proper communication had alſo been made 
between the conductor and the other ſide of the 
glaſs, all the electricity that was in the firſt ſide 
would be communicated to the ſecond, ſo that 
the firſt fide will be electrified negatively, being 
deprived'of its natural quantity of the electrical 
fluid, the ſecond ſide poſitively, containing twice 
its natural ſhare. The Slate! in n Rae's is * 
to be ace wc | 


"Now! from what has been aid /i it ah ealily 
be. underſtood that the negative ſide has a violent 
attraction for its natural quantity of electricity, 
and that the poſitive ſide has as violent a ten- 
dencycto part with it to bodies which have leſs. 
But as glaſs is an electric ſubſtance, and there- 
fore n to .cleftriciry, the fluid cannot 
23 1 55 pals: 
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paſs through it to reſtore the equilibrium, nel- 
ther can 1t paſs over the edges of the glaſs from 
the poſitive ſide, on account of the margin, for 


the ſame reaſon. But if a communication be 


made from one fide to the other, by means of 
non-eleftrics, or conductors of electricity, the 


fluid from the poſitive ſide will inſtantly ruſh . 
with great violence through ſuch conductors to 


the oppoſite ſide to reſtore the equilibrium; 


and if the human body be uſed for that purpoſe, 


the fluid will in courſe paſs through it to the 
negative ſide of the glaſs. And as in its paſ- 
ſage it gives a very ſmart, ſudden, and pain- 


ful ſenſation to the body, this is called the 
electric ſhock. ; 


4 At pane of glaſs however is not abſolutely ne- 
. ceflary for this purpoſe. Any glaſs veſſel may 
be made uſe of with equal effect, and a large 


phial, or elſe a glaſs } Jar, is an 2 


When the ſhock is required to be ſtrong, ſe- | 


veral or many ſuch jars are connected together 


by means of wires, from their inſides and out- 


fides, terminating in two rods; and the diſcharge 
is made by forming a communication between 


them, either by means of the human body, or 


other non-ele&rics, and the ſhock is greater ac- 
cording as more jars are employed; inſomuch that 


not only ſmall * but even human beings 


2 I May 


At 


A? 


Fi 


47 1 & 1 8 
3 „ 5 * : 
Lo 


+ 


ELECTRICITY; 


may be” killed/ by the Heck deen men 
number of ſuch jars, * 267 vo. 1 5 N 


* > 


e arg 203 10 uu u '; 2x}: 4 03 


mark: adit Battory und 5 
the diſthurge is called an exploſion; the report 


beingfas aud as chat of ns ien ent ag 
nec 54: 3£5Y hre | 
- here age other nethochkof exciting elericity * 
beſides friction, as, by heat and cold, &c. but 


which do it on a ſimilar principle with that, vi. 
either by enereaſing or diminiſhing the attraction 


of the body for electricity. But of late years 


philaſophers have diſcovered a moſt. extraotdi- 
nary. mode of acquiring this fluid, for the diſco- 
very of which we are indebted ta the illuſtrious 


Dr. Franklin; and this is the dratving it don 


from the claudi. For that great man bas found 
that the electrical fluid and lightning are one 
and the ſame matter. That the clouds uſually 
contain a conſiderable quantity of it, that it might - 
be obtained from them by means of a kite, or 


even by a pointed metallic rod, reaching hut a 
little way up into the air; and that this rod, F,: 


communicating with an electrical apparatus, Will. 


when the air abounds with electricity, -furniſh 


it as well, and often in greater quantity, than 
can be ordinarily collected by means of a-glabe, 
The ſame philoſopher has further proved, chat a 
flaſn of lightning is only 5 | 


| Whewfoverater many jars are A wy 


1 _ 
= a 5 
* 
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and thunder a louder electrical ſnap or exploſion 


than what are ordinarily produced by our elec- 
trical experiments 


Dr. Franklin has farther ſhewn, that as metals 
are the moſt perfect conductors, or attract the 
electrical fluid more than other non- electric ſub- 
ſtances, buildings, ſhips, &c. may be ſecured 
from damage by lightning, by means of ſlender 
Pointed rods made of thoſe ſubſtances, reaching 
a little way above the higheſt part of the building 


and terminating in the earth, or in water. For 


a flaſh of lightning falling on the building or ſhip, 
will all be attracted by the rod, and ſafely con- 
ducted into the earth. By the fame fimple me- 
thod we may alſo ſecure ourſelves from damage 


dy lightning, though ever ſo ſtrong or violent. 


If the reader is defirous of further acquaint- 
ance with this very entertaining branch of-ſcience, 
he is referred to Dr. Prieſtley's celebrated hiſtory 
of electrieity; or to Mr. Cavallo's and Lord 
Mahon's performances; in which works he will 
find all that'is yet known on the n 8 


Electricity has long been applied to medical 
purpoſes, and often with good effect. The di- 


Aorders relievable by it are chieflyathoſe ſuppoſed 

to ariſe from obſtructions in 45 nerves; as pal- 

lies, gu tta ſerena, epileplics, and the like. Rheu- 
Eu #5 | bh = matiſms, 
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matiſms, and other ſimilar complaints have alſo 
been cured by it. 


The method of application 3 in dopicat caſes, 
is either by firſt electrifying the patient, and then 
drawing off ſparks from the part; or elſe by diſ- 
charging the electrical ſhock. through it. It is 
moſt prudent to try the former method firſt. If 
that fails, the latter may be had recourſe to; and 

in obſtinate caſes the ſtrength and frequency of 
the ſhocks may be diſcretionally cncreaſed, £7 


The electric fluid has the effect of a Rimulus on 


the body; for when a perſon is ſtronglyeleErified, 
the momentum of the blood, and perſpiration 


are encreaſed. From a knowledge of this pro» © 


pertyof electricity, we may frequently be enabled 
to judge à priori, in what caſes it os EEO ve 
of ule. 


enn racks: n with 


caution; but there can ſeldom any injury ariſe 
from gentle, continued electrification; and muen 


good may be expected from * A, 


See Mr. Cavalle's 1 treatiſe on. medieal electricity, ear. 
; 80 $ hiſtory. 
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PHYSIOLOGY. 


INTRODUCTION. 


N human body may be defined to be © a 

machine compoſed of bones and muſcles, 

« with their proper appendages, for the purpoſe 

« of motion at the inſtance of its intelligent prin- 

< ciple; from this principle nerves, or inſtru- 

C ments of ſenſation, are likewiſe detached to 
e the various parts of the body, for ſuch infor- 
mation as may be neceſſary for determining it 

« to thoſe motions of the body which may be 


<< moſt conducive to the dee of the eres : 
4 « and preſervation of both... 2 


: The reader may object, that the body conſiſts 
of other parts beſides bones, muſcles, and nerves; 
and may wonder that they were omitted in the 
definition: But all the other parts, as well as 
functions of the body, ſeem to be only ſubſer- 
vient to the purpoſes which the definition ex- 


F 
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| 1. The muſcles which are ee to . 


motions of the body are from the nature of their 


conſtitution ſubject to continual waſte, which 
therefore is to be repaired by means of ſome of 


theſe. Hs" 


2. Moſt of the other parts and functions of 
the body are either neceſſary to the action of the 


muſcles, or to the operation of the intelligent 
r or both; and 


3. From the ſenſibility, and delicate ſtructure 


of the parts, they require to d be 3 from 
external 1 injuries. | 


To illuſtrate this it may hh obſerved, 


1. That the Romach and digeſtive faculies., 


| allimilate the food which is taken to repair the 
continual waſte; and the circulation, beſides be- 
ing abſolutely neceſſary to the action of the 


muſcles, as will appeat, diſtributes this nouriſh- K 
ment to the ſeveral parts of the body. The 


glands ſeparate liquors from the blood for theſe 


uſeful ſubſervient purpoſes. Thus, the liver, 
the pancreas, and other glands, ſeparate juices 
neceſſary to the proper digeſtion and aſſimilation 


of the food. The kidneys ſtrain off the uſeleſs 
and ſuperfluous water, ſalts, &c. which other- 
viſe, by remaining in the body, would be inju- 


rious to it. The brain is ſuppoſed to ſeparate a 
P ' 3 fluid 
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fluid for the purpoſes of ſenſe and motion. And 
0 of other Pürts. 5 


2. The nerves are not only the LEES of —. 


ſentation, but tis immediately by their means 
that the muſcles are moved, To the motion of 
the voluntary muſcles, the motion of the blood, 
and of courle the vital motions of the ſyſtem alſo 
are neceſſary; for as the muſcles cannot be moved 
but by means of the nerves, ſo neither can they 
if the blood does not flow through them. A cer- 
tain degree of heat is neceſſary to keep the blood 
Buid; and alſo to the action of the nerves, with- 


out either of which, motion could not be per- 
formed. Breathing is ſo neceſſary to life, that it 


cannot exiſt even a few minutes without the ex- 
erciſe of that function; and yet the uſe of reſpi- 
ration, whereby it becomes ſo neceſſary to life, 
ſeems to be to keep the body in a proper ſtate 
ed the purpoſcs of muſcular motion, &c. 


8. The ſkin, like a ſheath, ſerves to defend the 


body from injuries. The ſkull ſeryes for the ſame 


purpoſe to the brain, and the ribs to the heart. 
The membranes ſeparate the muſcles, fibres, &c. 


f tom each other; and ſomething ſimilar may be 


e of the other parts of the body. 


The parts of generation may indeed at firſt 
view be conſidered as an objeftionz but when we 


refle& that pleaſure is the only end which is had © 


in view. by fruition, the oby-Eion win be found 
of no moment. 
' H A P- 


* 


* 
A 


CHARTER 
cor THE BONES AND MUSCLES. 


ER bones ſerve to give firmneſs and ſhape. 
to the body. | | 


Some of them ſerve likewiſe for defence. 
Thus, the ſkull defends the brain, and the ribs. 
the heart, as before obſerved. £ 


But chey have alſo a more important uſe; for 
it is by the muſcles moving the bones, that the 
various motions of the limbs, and other parts of 
the body are performed. 


| The whole ſyſtem of bones (called a Aale 
is conſtructed of many parts, of different ſhapes, 
and ſizes; joining with one another in various 
manners, and ſo knit together, as beſt to anſwer 
to the motions which the occaſions of che animal 
ay require. 895 I 


The muſclen move thoſe e at the com- 
| tank of the will, or otherwiſe, by contract ing 
their lengths. Imagine two bones knit together, 
fo as to be moveable, - and that two equal 
N are affixed to them, one on each ſide. 
| 4 | Theſe 
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Theſe muſcles may be either ſhortened, or 
lengthened; or, to ſpeak in the language of 
anatomiſts, contracted, or relaxed. If the will 
acts on the right hand muſcle, it will contract 


and bend the bones to the right. If the will 
acts on the left hand muſcle, it will contract, 


and thereby bend the bones to the left. But 


when neither muſcle is more contracted than 
the other, the bones remain ſtrait, 


Muſcles in general, at leaſt thoſe which ſerve 
for voluntary motion, are balanced by antago- 
niſts, as in the inſtance juſt deſcribed: - By this 
means they are kept beyond their natural ſtretch. 
When one is contracted by the will, the other 
relaxes, in order to give it play, or at leaſt is more 
eaſily overpowered by the contraction of its anta- 
goniſt. Alſo when one of ſuch muſcles happens 
to be paralytic, or deſtroyed, the other, being 
no longer balanced or kept on the ſtretch, im- 
mediately contracts into its natural length, and 
remains in that ſituation. The part to which it 
18 fixed will in courſe be affected accordingly. 
If one of the muſcles which move the mouth 
ſideways be deſtroyed, the other immediately re- 
laxing, draws the mouth awry, and in that ſi- 
tuation it remains. The like may be obſerved 
of the leg, the arm, and other parts. Some 
muſcles aſſiſt one another in their action; and 
d have different actions, according to their 
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ſhapes, the courſe of their fibres, and the We 


ture of the parts which they move. 


According to the ſnape and nature of the bones 


to be moved, and of the motions to be performed, 


the muſcles ate either long, or ſhort, ſlender, or 


bulky; trait, or round, &c. Where a great 
motion is required, as of the leg, or arm, the 
muſcles are long; where a ſmall motion is re- 
quired, the muſcles are ſhort, for a ſtrong mo- 
tion they are thick, and for a weak one ſlender. 
For a direct motion, the muſcles are ſtrait; for 
an orbicular motion, circular, as in the e 
of the anus, and bladder. 


Alfo ſome of theſe muſcles are faſtened to, and: 
move bones, others cartilages; and others again 
other muſcles, according as may beſt ſuit the 
intention to be anſwered. N 


Some of the muſcles terminate at both extre- 
mities in tendons, others only at one end, and 
others again at neither, for a ſimilar reaſon. © * 


Each muſcle is furniſhed with a nerve, an ar- 


tery, and a vein; all of which are neceſſary to 


1 


its action, as has been pro by a variety of | 


* 
| Wh cep pages 


As a eee ee of 8 parts e not 
come either within the limits, or the plan of this 
u , 
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work, the reader, not yet acquainted with theſe 
matters, is referred to anatomical authors who 
treat profeſſedly on them *. 


CHAPTER... 


OF THE MOVING FIBRES. 


HE fibres may be conſidered as the com- 
ponent parts of the ſolids; and they are 
denominated according to the parts which they 
compoſe. Thus the fibres which compoſe the 
muſcles are called muſcular fibres. Thoſe which 
compoſe the membranes, membranous fibres 
and ſo of others. But the former are the only 
ones which we ſhall have occaſion to conſider in 
this diſcourſe, and they may be called moving 


f Jbres. 


When a fibre is ren out into a greater length ; 
khan naturally, it has an endeavour to contract. 


On the contrary, the nerves have a power of 
contracting thoſe fibres, or making them be- 
come ſhorter than naturally; but when the in- 
fluence of the nerve ceaſes, the fibres become 
capable of returning to their uſual length. 


Whatever irritates the fibres occaſions this in- 
fluence of the nerves on them. 


» See Dr, Simmon's Elements of Anatomy, ve. 
5 | Some 
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Some fibres while in the living body are more 

irritable than others, or they contract more 

forcibly with the ſame degree of ſtimulus. The | 

fibres which compoſe the heart are more irritable ..-; _ 
than thoſe which compoſe the muſcles moving 
the limbs; this was requilite, becauſe a greater 

and more conſtant motion is required in the _ 

heart than in the muſcles laſt mentioned. 


Some of thoſe fibres are alſo more ſenſible, or 
endued with a greater degree of feeling, than 
others. But the feeling is not always propor- 
tionable to the degree of irritability, 'The heart, 
though more irritable than the muſcles of the 
limbs, is leſs ſenſible. This alſo was neceſſary, 
for if the heart was very ſenſible, its labour in 
circulating the blood would be ſo painful as to 
be intolerable z whereas now it is never felt, un- 
leſs on particular occaſions. 


7 The fibres have alſo an dafticiy, which is oY 
ferent from the irritability deſcribed ; and re- 
mains after the latter is deſtroyed. The elaſti- 
city is of uſe to their action. When they are 
diſtended, the elaſticity E's to er chem ; 
and contrariwiſe, 


The red colour of muſcular fibres depends on 
the blood. If that be waſhed out, the fibres are 
then white. | 


If 


4 * 
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If fibres. are too much diſtended, their coh- 
tractible powers are either deſtroyed or weak- 
ened; and if they are only impaired, ſome time 
is required to reſtore them to their proper ſtate; 

and in ſome caſes even this is impracticable, the 
miſchief continuing for life. This is the cauſe 
of ſome of thoſe melancholy diſorders which are 
improperly called nervous; and of others. | 6 


As on the action of the fibres the functiont, fo 
on the ſtate of the fibres the conſtitution, of the 
body ſeems to depend. If the fibres are ſtrong, 
the individual is ſtrong; if weak, he is feeble. 
If the fibres are very irritable, he is paſſionate ; 
EE: 1 if the contrary, inactive and dull. In health 
> the fibres are ſtronger than after illneſs. - Their 
ſtate depends alſo very much on that of the 
atmoſphere. If the atmoſphere is heavy, cold, 
and dry, the fibres are elaſtic and ſtrong. If 
light, hot, and moiſt, the contrary. Mode- 
rate cold ſtrengthens or braces up theſe fibres; 
but exceſs of heat weakens them. Hence heat 
makes us feeble and faint; cold the reverſe. 
From knowing the ſtate of the fibres we are 
directed to apply the ſuitable remedies. If they 
are relaxed, bracing and ſtimulating remedies 
are indicated; but if too tenſe, thoſe of a con- 
nun. d un e N 
tad 1c; r | $ 207 
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Ob" * 


CHAPTER Il. 
OF THE BRAIN AND NERVES. 5 


\HE 50 is the ſeat of the able 
principle. From that principle nerves 
ſerving for ſenſation are ſent off to every part of 
the body, to receive the neceſſary information 
of the ſtate of oo = ie and of things 
withour. 92 


Another ſet of nerves are detached to the 
muſcles, or thoſe parts which are to ſerve for 
the motions of the body at the inſtance of the 
will. Thoſe two ſets of nerves ſeem to be dif- 
ferent, becauſe ſenſation ine: be loſt 1 ina part, 
pet motion remain. | 


-e 


A third ſet of nerves ſerve for the WOE bn 
voluntary or vital motions of the ſyſtem, and do 
not appear to have any connection with the in- 
telligent principle. They perform their offices 
continually, in ſleeping, n e en. 3 but 
the others in waking only. [7 


By theſe the fibres and parts — to eee 
ed, or nouriſhed, in conjunction with the blood; 
for nutrition is chiefly performed in ſleep, when 
the ether nerves are inactive; and it is well known, 


— 


3 
4 
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that if the nerve be deſtroyed, the part which it 
ſerves waltes, notwithſtanding that the blood and 
lymph flow through it as uſual, 


The beat of the body Gems alſo to „ 
either wholly, or chiefly, on this ſet of nerves; 
for it is nearly as great in ſleep as in waking, 
though then theſe nerves on ly act; and yet if a 
nerve be deſtroyed, the part which it ſerves be- 
comes cold, notwithſtanding that the blood con- 
tinues to un through 1 it f. 


That che heat of the blood doch not 2nd 
on the nerves which ſerve for ſenſation is plain, 
becauſe heat continues in ſleep, when they are 
inactive; alſo a part which has loſt its feeling, 
but retains its motion, does not always loſe its 
hear; a 1 | a 


As the nerves ſerve for motion and ſenſation, 
any obſtruction, or compreſſion of them, will 
occaſion pally of the part or parts which they 
Nerve; that is, it will occaſion either loſs of ſenſe, 
ox motion, or both, according to the nature of 
che injury. Thus, the optic nerve being com- 
preſſed, blindneſs enſues; and the nerves of the 


leg, loſs of motion of that part. By deſtroying. 


the nerve, nutrition and animal heat will. alſo be 
injured, as hath already been obſerved. But 


the diſorders arora called ner vous, ſcem o 


t, See Dr. Cancrbilits.Experiquzats on animal heat. 


8 proceed 
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proceed for the moſt- part from injuries of rhe 
moving fibres, as-mentioned in the laſt 1 | 


C 
OF THE CIRCULATION OF THE BLOOD. 


HE circulation of the blood was unknown 

till about 150 years ago, when it was 

diſcovered by a countryman of our own, the 

ce celebtated Dr. Harvey. For this great diſco- 

very, ſtatues are juſtly erected, and orations 
yearly pronounced in his honour. 8 


With reſpect to the circulation of the blood, 
the body muſt be conſidered as diſtinguiſhed 
into two portions, be lungs, and the other parts. 


The heart is the power, or mechanical cauſe 
by which the blood is circulated. From the 
right ventricle of the heart there iſſues a lar 
artery, called the pulmonary artery; which goes 


cso the lungs, and is there divided and ſubdivided 


into a vaſt number of branches, too ſmall to be 


ene The ultimate ramifications of theſe 
g e be confidered as unĩting again into 
ona branches; theſe again into branches ſtill | 
der, end ſo on continually, till at laſt they 
form 


- * 
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form only one large pipe, called the pulmonary 


2 which is inſerted i into the left auricle of the 
Ar. 


From the left ventricle there iſſues another 
large artery called the aorta, which in its paſſage 
ſends off branches to the arms, legs, head, and 
every other part of the body. Theſe branches, 
in the courſe of their progreſs, are divided and 
fubdivided into innumerable inviſible branches, 
as was mentioned of the pulmonary artery; and 
their laſt ramifications may alſo be conſidered as 
reuniting into branches continually larger and 
larger, till at length they form only one. great 
pipe, called the vena cava, which is inſerted in 
the right auricle of the heart. 


Now the blood is drivenout of the right ven- 
tricle of the heart into the pulmonary artery, 
and to all the branches of that artery which are 
diſperſed through every part of the lungs. From 
theſe it paſſes into the branches of the veins; 
and from all theſe branches at length into the 
pulmonary vein itſelf, which empties it into the 
left auricle of the heart. This may be called 
the firſt ſtage of its —— 0 * 2 


* | 


From the left auricle it "paſſes il into 1. left 
ventricle; from thence it is driven.into the abria, 
or great artery, and into all its branches in every 
part of the n From the ramifications of, 

thele 
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theſe arteries it paſſes into Thoſe of the veins; 
from theſe into larger branches, and ſo on by 
degrees till at length it arrives at the vena cava, 
which empties it into the right auricle of the 
heart. This is the ſecond ſtage of ts circula- 

hs tion. 


But from the right auricle it paſſes again into 
the right ventricle, from thence, as before, ſuc- 
cellively to the pulmonary artery, the pulmo- 
nary vein, the left auricle, the left ventricle, 
the aorta, and vena cava, and lo on in a per- 

petual round, which therefore is called 1b cir- 
| enlation of the blood. 


The blood however does not flow out of the 
heart into the arteries continually, but by pulſes 
or fits; when the ventricles are filled with blood 

from the auricles, the blood ſtimulates them; and 

thereby occaſions them to contract; by ſuch con- 

traction they force the blood which they contain 

into the arteries» This contraction is called the 

Mole of the heart, As ſoon as they have finiſhed | 

their contraction they relax, and are again filled 

with blood from the auricles, and this ſtate ot 

the heart is called its diaſtole. The ſyſtole and 

dlaſtole of the heart therefore continue on alter- 

{nately, and hence the Rar or beating of the 


heart, 
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The arteries muſt of courſe have the like pul- 
ſation; the blood being driven into them only 
by ſtarts, and accordingly we find it in the ar- 
tery of the wriſt, called the pulſe; the like may 


alſo be obſerved in thoſe of the temples, and 


other parts of the body. But we may likewiſe 
obſerve that the veins do not beat; the blood 


flowing on through them in an uninterrupted 


courſe; its pulſe, by the time that it has paſſed 
through ſuch an infinite number of ſmall 
branches, into larger ones, being entirely broken, 
and deſtroyed. 1 1 


The two ventricles therefore contract and 


drive out the blood into their reſpective arteries 


both at the ſame time. The two auricles like- 
wiſe contract and drive their blood into the ven- 


 tritles at the ſame time; and hence you will 


alſo perceive that the ventricles contract and 
empty themſelves while the auricles are relaxing 
and receiving blood from their reſpective veins z 
and contrariwiſe; ſo that their action is alternate, 


The heart is a mere muſcle, as hath already 
been obſerved, The fibres of which it is com- 
poſed are conſtructed into auricles and ventricles, 


for the purpoſe of receiving and expelling the 


blood. The coats of the arteries are furniſhed 
with muſcular fibres, encompaſſing them circy- 
larly; conſequently when the arteries are dilated 


by 
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by the blood driven into them from the heart, 
they will contract again, and thereby help ta 
drive forward the blood. The veins likewiſe 
have this contractile faculty, though in a leſs 
degree than the arteries, as having leſs need of 
it. And they are beſides furniſned with valves, 
which hinder the blood from flowing back into 


the arteries, though they let it paſs on freely to 
the heart: the latter direction of the blood's 


motion opening, the former ſhutting thoſe valves. 


From this account of the blood's circulation 
it will eaſily be ſeen that it moves in a direct 
« contrary courſe in the arteries to what it does in 
the veins; in the latter it paſſes towards, and in 
the former from the heart. We have an eaſy 
proof of this in the common operation of blood- 
letting. When we have tied up the arm, we do 
not make the orifice above the ligature, or next 
to the heart, but below it. If the vein were 
opened above the ligature it would not bleed. 
For it only ſwells next to the hand; which ſhews 
that the blood does not flow into the vein from 
the heart, but from the hand, | 


It may alſo have been Sbſerveck that if the 
ligature be too tight, the blood will not flow. 
The reaſon of this is, that the artery is com- 
preſſed in this caſe, as well as the vein. And 
as the veins derive their blood from the arteries, 
it follows, that if the blood's motion be hindered 
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in the latter, none can flow from Fi into the 
former. The ligature therefore muſt be only ſo 
moderately tight as to comprels the veins, leaving 
the _ arteries, which are ſituated deeper, free. 
Hence alſo it may be perceived that the blood 
really paſſes from the arteries into the veins, as 
was deſcribed; and that if an artery is to be 
opened, the orifice muſt be made above the liga- 
ture, becauſe the blood flows into the artery im- 
mediately from the heart, and therefore only 
ſwells on that fide of the ligature, 


It may ſeem 8 that theſe particulars 
concerning bleeding had been obſerved by every 
phlebotomiſt, and known to almoſt every medi- 
cal practitioner for above 2000 years; and yet 
that none of them ſhould have had the ſagacity to 
infer that the blood circulates, till it occurred to 
our own countryman before mentioned. When a 
thing is known, we wonder how it could poſ- 


ſibly have eſcaped our notice; though before, 


the utmoſt exertion of the human faculties - 
ſeemed unequal to the diſcovery. 


Each ventricle of the heart is concluded to ex- 
pel at leaſt an ounce of blood at a time, and 
there are about 4000 pulſations of the heart in 
an hour. If we ſuppoſe the quantity of blood 
circulating in an human adult to be 16 pounds, 
the whole maſs will circulate many times in the 
[ +; CV Ws cone 
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courſe of an hour; eſpecially when hu pulſe is 
„ by a fever. 


In the preceding account I ſaid, for perſpi- 
cuity's ſake, that the laſt branches of the arteries 
run into thoſe of the veins. But it is now the 
Opinion of anatomiſts, that the arteries carry the 
blood to the parts to nouriſh them, and that 
the veins abſorb, or ſuck up what is ſuperfluous, 
and return it back to the heart. 


As the blood is circulated by pulſes, or RY 
theſe pulſations form the grand index to phyſi- 
cians with regard to the health of the body. If 
the pulſe be full and ſtrong, a plethora and in- 
creaſed action of the fibres are indicated: If weak 
and feeble, the contrary. If quick, a fever; if 
Now, the reverſe. From a variety of other dif- 
ferences in the pulſe, which are deſcribed by 
medical writers, and which are better underſtood 
by practice and obſervation, a number of parti- 
culars reſpecting the ſtate of the fluids and ſolids 
may be obtained, from which the proper methods 
of cure are inferred, and which are of important 
uſe in the practice of phyſic. 
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CHAPTER v. 


OF THE LYMPHATICS. 


NTO the. various cells and cavities of the 
body a thin tranſparent liquor is poured by 
the extremities of the arteries, called by anato- 
miſts lymph. Its uſe is to moiſten and lubricate 
the parts,. for which purpoſe, by its ſoft gela- 
tinous nature, it is well calculated: It ſeems 
alſo. to contribute to nutrition. This fluid is 
_ abſorbed: from thoſe cavities * a ſet of veſſels 
called /ymphatics. 


Theſe veſſels are very minute, and pellucid; 
and abſorb the lymph on the ſame principle as 
ſmall glaſs tubes ſuck up water. If a ſlender 

glaſs tube be placed in water, the ſurface of the 
water in the tube will be higher than that of the 
water without the tube; and this difference will 
be greater as the tube is of leſs diameter. This 
phenomenon depends on the attraction betweeh 
the water, and the inner ſurface of the tube. 


— 


＋ 


The caſe is the ſame with the lymphatics. 
But theſe are alſo furniſhed with valves, which 


| ſuffer the fluid to go forwards, but hinder it 
| | from 
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from returning. The lymph, when abſorbed as 
above, is afterwards urged forward by the muſ- 
cular coats of theſe veſſels in like manner as hath 


been ſnewn with regard to the inteſtines, and 
blood veſſels. 


The lymphatic from all parts of the body 
direct their courſe towards the ſame part with 
the lacteals or chyle veſſels, already ſpoken of; 
with which they form one general ſyſtem of ab. 
ſorbents; The lymph is poured, together with 
the chyle, into the left ſubclavian vein, Where 
| they mix with the blood. 


If through weakneſs, or other e the 
1}mphatics do not ſufficiently abſorb the lymph, 
dropſies are the conſequence; and the like hap- 
DEA! when theſe veſſels are pre 


When mercurial ointment is rubbed upon the 
ſkin, the mercury is abſorbed and conveyed. into 
the ſyſtem, as appears by the ſalivation which 
takes place on thoſe occaſions. The abſorption 
is made by the lymphatics. Other ſubſtances 
. are. alſo capable of being abſorbed by theſe 
veſſels, when properly applied to the ſkin, *_ 


: Both the lymph and chyle paſs thro' lympha- 
tic glands in their courſe to the ſubclavian vein. 
Bur for what reaſon is not ey _ 
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* IE human machine is n on Ao 
principles that it cannot continue. alive 
unleſs it be occaſionally recruited by means of 
food. The principles on which it is conſtructed 
require that a very conſiderable portion of fluids 
ſhould be continually paſſing off by perſpiration, 
through inviſible pores, in every part of the ſur- 
face of the body. This evaporation may be re- 
dered ſenſible by violent exerciſe or heat; when 

it appears in the form of ſweat. From the lungs 

it is ordinarily ſo copious as to be viſible to the 
eye, eſpecially in cold weather; they who have 
had the curioſity to weigh themſelves, have found 
that the greateſt part of what is ate and drank 
paſſes 09.4 in this manner. 
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The uſe of ba is to recruit chis continual 
walte. © But part of what we uſually eat will not 
ſerve for this Purpoſe. What is uſeful therefore 
is extracted from it; and the remainder caſt out 
of the body by ſtool and by urine, as will be 
ſhewn.” OP 
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1 the anion fabric cn have been formed 


in ſuch a manner as that the ſame fluids would 
| have ſerved; always, as there would then have 


been no Watte, ſo there would have been no 
occaſion for ſupply; . and food would have 


been unneceſſary. But on the contrary, life 
cannot be preſerved if the evaporation above 


ſpoken of 1s not continued. 


In this chapter I ſhall deſcribe the 1 of 
the food from the mouth to the blood, and the 


changes it undergoes in that paſſage. 


From the back part of the mouth paſſes 2 
tube, called the æſophagus, or gullet, into the 
ſtomach. From the right ſide of the ſtomach 


iſſues another tube, called the pylorus, conti- 
nued into the duodenum. Into this tube enters 
the bile duct from the liver, and gall bladder, 


and with, or near it, another tube called the 
pancreatic duct, from the pancreas or {weet- 
bread. The duodenum is continued into the 


jejunum, which makes the firſt part of that long 


flexible tube forming the winding guts, and is ſo 


called becauſe it is generally empty. The ſe- 
cond part is called ileum, and is only a prolon- 
| gation of the jejunum, and the ileum terminates 


in that great gut called the colon, the lower part 


of which, called the rectum, 1 is faxed into the anus 
or fundament. 


* 
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The whote of what has been deſcribed is s only 
a production of the ſame tube, from the eſopha- 
gus to the anus. It is called, by anatomiſts, 
the inteſtinal canal, or prima via, by reaſon that 
this is the firſt paſſage of the food. It has, by 
means of its circular muſcular fibres, a power or 
faculty of contracting itſelf when irritated by 
diſtenſion, and thereby urges forward the food 
contained in it, as the arteries do the blood, 
This occaſions a viſible worm-like motion of the 
whole guts, when they are expoſed to view, and 
is called their periſtallic motion. 


From the winding or ſmall guts, and è ven from 

the ſtomach, but chiefly from the ileum, a vaſt 
number of very fine ſlender tubes take their riſe. 
They are inviſible unleſs they happen to be full; I 
and are called lacteals, or chyle veſſels. 


The food taken in at the mouth is broken to 
pieces þy the teeth, and impregnated with ſaliva.” 


From thence it paſſes into the ſtomach. It is 


there mixed with the gaſtric juice, ſeparated by 
the ſmall glands of that viſcus, by which it is 
digeſted, that 1s, as far as 1t 1s capable of being, 
diſſolved. When it gets out of the ſtomach into 
the pylorus and duodenum, it is alſo mixed with 
bile from the gall bladder, and with pancreatic 
juice from the ſweet-bread; and in conſequence 
of the changes which it undergoes by its mix- 


ture with theſe various uquids, aſſiſted by the 


MAIS! warmth 
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warmth and gentle triture of the ſtomach and 
inteſtines, it is quite altered in its nature from 
what it was when firſt taken *; ſo that wheh it 


arrives at the ſmall guts, Rei) is abſorbed from 
it, by the chyle veſſels above deſcribed, à ſoft 


and taſteleſs liquid, called by anatomiſts ayle. 
If the digeſtion be perfect, the chy le is the ſame, 
whatever be the food it is obtained from. Thelac- 
teals which collect this chyle, after properly N 


ing, einpty it into the left ſubclavian vein, where 


it mixes with the blood for nouriſhing the body. 


The dregs of the food, from which this liquor 


was extracted, paſs on N the guts, andi is 


caſt out as uſclels. 


The chyle therefore may be e bee as the 
pabulum of the blood. It was obſerved before, 


that a conſtant evaporation of fluids from the 


ſurface of the body is neceſſary. The blood ſup- 


plies this waſte. The parts of the body are con- 


* The gaſtric juice has been ſhewn, by Mr. John Hunter and 
ethers, to be a ſolvent of the aliment. It fleſh, or other food, be 


digeſted in this liquid, out of the body, it will in great meaſure be 


diſſolved by it; and therefore it is now generally held that digeſtion 
is pertormed by ſolution ; the gaſtric liquor being the menſtruum 


for that purpoſe. The pancreatic juice ſeems (like the faliva, which 
it reſembles) chiefly deſigned as a diluent. The uſe of the bile is 


not yet properly known. But experiments ſeem to ſhew that ani- 
mal food employs leſs of it than vegetable. It is therefore probably 
of great uſe in animalizing- the aliment : and perhaps the blood 
derives from it its ſpecific power of attracting phlogiſton from the 
body, and parting with it to the air; ; of which notice will be taken 


in a future . 


tinually 
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tinually recruited or nouriſhed thereby; and the 
blood is again recruited for this purpoſe by the 
chyle, which, in the courſe of circulation, is 
alſo converted into blood, to ſerve for the like 
e of nutrition. n | 


As life depends on the recruit of the bla 
the chyle made in this proceſs, ſo health 1 5 
much on the goodneſs of this chyle, If the 
chyle be perfect, good blood is made; good 
juices are made from that blood by the glands, 
and the parts are properly nouriſhed. But if 
the. chyle be bad, it will ultimately affect the 
| body which is to be nouriſhed by it, in propor- 
tion. The evil will even be continued in conſe» 
quence thereof. For the ſaliva, gaſtric juice, 
bile, and ſuccus pancreaticus being vitiated, 
they will affect the chyle hereafter to be pre- 
pared from freſh food. Nature has provided 
as much as a careful guardian can in theſe mat- 
ters. She has. furniſhed the mouth with the 
faculty of taſting, and the noſtrils (which com- 
municate with the mouth) with that of ſmelling, 
in order that they may detect any thing 1 Improper, 
and prevent its being taken in to the injury of 
the animal. If the food endures theſe teſts it is 
ſuffered to paſs on to the ſtomach. But that 
organ has alſo the faculty of diſcriminating whe- 
ther the aliment is proper, and in ſome caſes 
where the ſenſes of taſte. and ſmell are ineffectual. 
If it be hurtful, or-poiſonous, it has in many 
inſtances 
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Inſtances the provident faculty of rejecting, or 
throwing it up. If there are hurtful qualities, 
which even the ſtomach cannot diſcover, the 
guts often detect them, and have the no leſs 
wonderful faculty of hurrying it thro* the body 
by ſtool, There are, caſes however in which 
none of theſe teſts are ſufficient, and bad e ch yle 
is after all ſuffered to paſs into the blood. "Bae 
even there it is thrown off by urine or other 
ſecretion, 'or elſe a fever is raiſed in order to 
expel it by perſpiration, which is an effect of 
the ſame kind as vomiting in the ſtomach, and 


purging in the guts. Abſceſſes, eruptions, and 
other means are likewiſe occaſionally employed 
by nature for the ſame intention. But there are 
caſes where either the vigilance or power of all 
theſe are ineffectual, and in conſequence thereof 
r health is Wen or life ng us (303 
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. THE BLOOD. ben 
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Tou Ute in the courſe of its cage | 
is converted into blood; as hath alre ady 
been” obſerved. U | & Sik + As 280 asg | 
} Offit) EF mils od Bs 
They who have diſſefted bodies with a View 
* the rey and on the fluids in the lung, 
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233 PHYSIOLOGY. 5 
have remarked that chyle ! is perceivable in tho 
pulmonary artery previous to the paſſage of the 
blood through | that organ, but not in the pulmo- 
nary vein, after ſuch paſſage. The chyle is 
mixed with the lymph in the ſubclavian vein, &c. 
The more watery part is probably exhaled by 
the breath; and the remainder incorporated with 


the maſs of blood by ** in the pulmonary 
_—_ 


+ When blood flows g a vein, it ſeems to be 
an homogeneous red fluid. But after reſting a 
while it ſeparates into two ſubſtances, a watery 
part, called ſerum, and a red coagulum, diſtin- 


guiſhed by the name of craſſamentum. 


The ſerum, by its ſenſible qualities, appears 


to reſemble water. It mixes with water into a 
ſeemingly uniform aqueous fluid. If, however, 


this mixture be expoſed to a fallicient heat, the 
' ſerum ſeparates in the form of a white, coagulated 


ſubſtance, which is not rediſſolvable in the water. 


If ſerum be expoſed alone to heat, it alſo coa- 


gulates; and if it be poured into boiling water the 


fame effect takes place. It is coagulated likewiſe 
by ſpirit of wine, æther, and acids. In theſe and 
other properties, it bears a very great analogy 
to the white of an egg. | 


The craſſamentum is compoſed of two diſtinct 


ſubſtances; 1. the red, or colouring part, which 
n . 
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ay be entirely waſhed out of it by: meany of 
water, and, 2. the coagulable lymph. 


The red part may be Jiftioguiſhed, bn means 
of a microſcope, in the form of little globules, 
floating in the other parts of the blood, like oil 
ſhook well up with water. By means of the ſame 
inſtrument, they may be ſeen moving in the 
minute blood veſſels of frogs, and other animals, 
from the arteries into the veins; and hence 
have an ocular proof of the circulation . * 
blood. 


This ſulkance is of a deeper red in the veins 
than in the arteries. It acquires its deep colour 
in the courſe of its circulation through the body, 
and loſeth it in its paſſage through the lungs. 


The heat of the blood is greater than that of 
the ſurrounding atmoſphere, its temperature in 
health, being at about 98 degrees of Fahrenheit's 
thermometer. In morbid ſtates, it varies from 
that point; thus, it is hotter in an inflammatory 
fever, and colder in the cold fit of an ague. | 


In health; the heat of the blood is nearly the 
ſame, whether the ſurrounding atmoſphere be 
hotter or colder; the vital powers generating 


more heat in the latter cale, and leſs in the 
former. | 
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i "The coagulable hmph, when ſeparited tom ** | 
; the red part, is a white gelatinous ſubſtance, and 
1 probably the elaſtic, and N parts of the 
1 ſolids are formed We... 
i There is a greater proportion of coagulable 
1 lymph in the blood of perions of ſtrong conſti- 
| tutions, than in thoſe of weak ones, and the 
if proportion in the blood of the ſame perſom varies 
| according to the ſtrength andother circumſtances, 
ö The like may be obſerved of its texture. 
; | While blood remains in the veſſels, it conti- 
3 nues fluid much longer than it would do in the 
| open air; the action of which b diſpoſe it to a 
1 ſpeedy coagulation. 
I When blood has ſtood for ſome hours out of 


"_ 2. 


the veſſels, it begins to putrify; and in putrid n 
dilſeaſes this is ſaid to take place, in ſome degree, 
even in the blood of living animals. 
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From the appearance of the blood, many im- 

portant indications may be drawn, For example, 
if the craſſamentum be of a weak, or lax texture, 
incraſſants are indicated, If tough and viſcid, 
attenuants and diluents. If in over proportion, 
evacuations if the contrary, nutritives, The 
appearance of ſize, or buff, on the craſſamen- 
tum, is ſaid to argue too great a fluidity of the 
coagulable lymph, ſo that the red globules fink 
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5 it, lesving che upper part of the cake free 1 
from them, or in a ſtate of pure coagulable lymph. | 
Hence it is conſidered as: a fign of inflammation, —— 
Other indications-aredrawn fromthe W 3 
a blood * en writers. 45 1 33 


CH A p TER YHt” ants 6 
OF NUTRITION. TY 


HE ſolids, as well as fluids of the body, 

are in a ſtate of continual waſte, and there- 
fore require to be recruited. | Hence the neceſ- 
ſity of food, as before obſerved, 


- 7 ne manner in which nutrition is . 
V is not as yet well underſtood, but it ſeems to be 
performed by. the blood, or rather the n | 
in conjunction with the nerves. 


5 


If a nerve be divided, the part which ĩt een 3 
| waſtes, (eſpecially if it be muſcular) notwith- , > 
| ſtanding that the blood circulates through it as | 
uſual, And there are phænomena which ſhew 
that the blood is likewiſe neceſſary to nutrition 


In the muſcular fibres, the baſis of nutrition” +» 
may be the ſubſtance of the nerves; but theſe 

may require to be aſſiſted by the blood, or its 
pb. parts may be nouriſhed. in diffe- 
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242 PHYSIOLOGY. 
rent manners, and ſome of them, either wholly. 
or chiefly by the coagulable matter of the blood. 
The ſolids ſeem for the moſt part to conſiſt of 
coagulable matter, combined with water. And 
the various parts of the body may be enabled, by 
means of glands, elective attractions, or other- 
wiſe, to ſeparate thoſe particles from the blood, 
and thoſe only, which are moſt proper for their 

reſpective purpoſes. But this is a ſubje& which 
requires to be farther inveſtigated by experi- 
ments. | 


CHAPTER IX 
r THE GLANDS. 


ROM. the blood are ſeparated many fluids, 
for different purpoſes, by certain organs 
Aue deer Thus, i 


TH E KIDNEYS 


Kin off the urine; which conſiſts of the ſu- 
perfluous water, ſalts, &c. and which, if re- 
tained, would be prejudicial to the animal ceco- 
nomy. Critical diſcharges of the utmoſt im- 
portance to the body, are alſo not unfrequently ., 
made by the ſame outlet. This fluid is retained 
in the bladder, ſo as to be expelled when con- 
venient. From the appearance of the urine, uſe- 


2 ful 
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ful practical indications are frequently formed; 
as may be ſeen in medical writings. 
THE LIVER 


Forms the bile or gall, part of which: is re- 


tained in the call-bladder, as its reſervoir, as the 
' urine is in the veca. The duct of the gall- 
bladder opens into the duodenum. The preſſure 
of the food, as it paſſeth through the pylorus, 
forces the bile into the inteſtines for the purpoſe 
already mentioned. | 

' THE PANCREAS, OR SWEET-BREAD, 


Forms the pancreatic juice, which is likewiſe 

emptied into the inteſtines for diluting and fur- 
thering the digeſtion of the food. 

| THE SALIVAL GLANDS 


Secrete the ſpittle, for the purpoſe of moiſten- | 
ing, and perhaps aſſiſting the digeſtion of the 


food. 
Tur GLANDULES IN THE STOMACH 

Secrete the gaſtric juice, for the purpoſe of 
diflolving the food. Thoſe in the inteſtines ſe- 
parate a liquid which lubricates the guts, for 
the more eaſy paſſage of the aliment, and per- 
83 allo to aſſiſt in its aſſimilation. 

'THE TESTICLES 

Form the vivifying principle in males, or the 

ſeed, improperly ſo called, as do 

THE OVARIES, 


The true ſeed, in females. 


R 2 | We: 


* 


— ——— — — ES 


rr 1 coor. oo IE IEEE 
"PEP. 8 1 br * 5 


— a 


— 
' 

i 

1 

7 4 

- } 


THE BRAIN 
Seems to ſecrete a ſubſtance which, being 


conveyed by the nerves, aſſiſts in nutrition. By 


means either of the ſame, or ſome other matter 


or fluid, ſenſation and motion are probably 
performed. | | 5 


The other glands have likewiſe mo reſpec: 
five uſeful offices. 


The theory of glandular ſecretion has not as 
48 been ſatisfactorily explained. 


From irregularities in the glandular ſecretions 
many diſorders ariſe. If the bile be obſtructed, 
jaundice is often the conſequence. If perſpira- 
tion; colds, plethora, and fevers ſucceed. If 
the gaſtric juice be deficient in quantity, or vi- 
riated | in quality, digeftion is injured. And the 
like may be obſerved of the other ſecretions. 


* Medicines,” in "EN caſes, act on the glands. 
Cathartics increaſe the ſecretion by the glands in 


the inteſtines; and diuretics operate by Ong 
the action of the kidneys. 


By increaſing ſome of the ſecretions many diſ- 
orders may be cured, . A dropſy, for aper 
is removed by diuretics. f 


When one ſecretion is e it may, in 
_ ae be dere by avgmentiog another. 
E Oo 8 A ſaliva- 
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A ſalivation is diminiſhed by a cathartic : and 
perſpiration by an encreaſed ſecretion of urine, 


And there are other uſes of the glandular ſecre· | 
tions to be met with in Practical authors, e 


CHAPTER X. 
OF. PERSPIRATION. 


N animal body is formed on fuch-princi- 
. ples that its ſolids, particularly the muſ- 
cular fibres, are in a continual ſtate of waſte; 
and both theſe and the fluids require to be con- 
| Wan renewed. Hence follows 


iſt, A neceffity of their being frequently re re- 


cruited by means of food, as hath youu eva, 
and 


2dly, A like neceſlity of a continual ara. 
of the old and effete materials. 


Agreeably to this, we find that 4 every 
part of the ſurface of the body, and from the 
lungs there conſtantly exhales a conſiderable 


quantity of vapour, called by anatomiſts the 
matter of perſpiration. | 


1 


This vapor uſually habe in an infenfible 
manner, But if perſpiration be -encreaſed by 
1 EO exerciſe, 
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exerciſe, or other cauſe, it appears in the form 
of ſmall viſible drops, and then it is termed 
ſweat. In cold weather the evaporation from 
the lungs is condenſed into a viſible ſteam; it 
may even be collected in a liquid form by breath- 
ing on a glaſs, or other proper veſſel, More 
than half of what we eat and drink uſually paſſes 


off in theſe two ways, as may be ſeen by the ex- 


periments of Sanctorius and others. 


The perſpiration by the ſkin is ſuppoſed to be 
either ſecreted by glands, or exhaled by minute 
extremities of the arteries of the cutis. It is 
probable however, that the matter exhaled by 
the lungs is different from that which paſſes off 
by the ſkin. We already know that phlogiſton 
is diſcharged by the lungs, but not by the exter- 
nal ſurface of the body; the ſkin being a ſubſtance 
of ſuch a nature as to hinder the requiſite action 
of the air on the blood for that purpoſe. This 
obſervation, compared with the following chap- 
ter, may enable us to underſtand, in n mea- 
ſure, the action of air on wounds. 


Trott bit tas been ſaid, it is obvious, that 
petſpiration cannot be much encreaſed, or di- 
miniſhed, without affecting the health. If it be 
obſtiucted, fulneſs of the veſſels is apt to be pro- 
duced; together with colds, fevers, and the like. 
If it be too copious, laſſitude and weakneſs fol- 


low alſo as the blood is thereby deprived of 
its 


P. 2 
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its more fluid parts, the remainder will be more 
viſcid, and circulate with leſs. freedom. The 
folids alſo will become too dry and rigid. A „ 
warm atmoſphere encreafes perſpiration; and a 5 
cold one diminiſhes it. It frequently happens « 
that when perſpiration is diminiſhea, the urinary 
ſecretion is encreaſed; and contrariwiſe. The 


matter of perſpiration is even ſaid to be very ſi- 
miner to that of the urine. | 


4? 


+ 


In Ke XI. 
0 b RESPIRATION. 


T Ras os n that the blood has a deb 

circulation, or that the whole maſs pales firlt 
through the lungs, and afterwards — the 
body. 


I have, in ſome meaſure, explained- os ui 
of the latter circulation; thoſe'of the former ſhall 
next be diſcourſed of. 


The lungs are contained in the thorax ;. and 
are divided into two lobes. | The trachea, or 
windpipe, alſo divides into two. branches. one PE 
of which is ſent to each lobe, where it is ſubdi- ; 
vided into a vaſt number of ramifications, ulti- 
mately terminating in little veſicles, which, when 
diſtended with air, make up the greateſt! part of 
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the bulk of the lungs. The branches of hs. 
pulmonary artery and vein accompany thoſe of 
the windpipe, and are ſpent upon the coats of 
thoſe veſicles. The maſs of, bloods not carried 


to the lungs for their nouriſhment, there being 
other ſmaller blood veſſels deſtined for chat 


purpoſe. 


The thorax has an alternate motion of ſyſtole * 


e _— 2 diaſtole, called reſpiration. At the diaſtole 
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the air is admitted into the lungs, and this is 
alſo called inſpiration. At the ſyſtole the air is 
expelled from the lungs, which ſyſtole 1s like- 
wile denominated * 


The nature and properties of air have already 
been explained. Among others it was ſhewn; 
that it preſſes with a great weight on all things 
about the ſurface of the earth, and that it is 
elaſtic, or capable of expanſion and compreſſion, 
of rarefaction by * and condenſation by cold. 


＋ he muſcles which cauſe expiration having 
juſt finiſhed their contraction, they begin now 
to relax ; the blood driven from the heart into 
the pulmonary arteries ſtimulates to inſpiration. 
The external air rufhes into the lungs, , which 
are thereby inflated. They fill and dilate the 
thorax, drive the diaphragm downwards, and 
by the help of muſcles, which ſerve for inſpira- 
tion, diſtend thoſe winch ſerve for the contrary 
| n motion. 
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motion. But thoſe muſcles," thus diſtended, re- | 

ſuming their contractions, re-contract the cavity 
of the thorax, and thereby expel the air from 
the lungs. The muſcles ſerving for inſpiration, 


now beginning again to act, the thorax is dilated 2 
as before, and this continual alternate dilatation "36 
and contraction is called reſpiration. 55 


Þ 


* When the lungs are diſtended, the blood cir. © » 
culates freely through them ; but its paſſage is- "Wet 725 
much more difficult in expiration. Alſo as te 
branches of the arteries and veins run in directe. 
tions parallel to thoſe of the windpipe, the air 
in inſpiration may perhaps help forward the blood 
in the arteries running in the ſame direction, and 
in expiration it may likewiſe aſſiſt the motion of 
that in the veins. If breathing be ſtopt but for 
a ſhorr time death enſues ; for if no blood paſſeth 
from the lungs to the heart, the circulation, on 
which life is roms muſt oa a 


It had long been NG chough the hen 
was not kneten, that the blood in the veins of 
the body, and in the arteries of the lungs, was 
of a darker colour than in the arteries of the 
body and veins of the lungs; and it was alfo 
known that it loſt this dark colour during its 
paſſage through the laſt mentioned organ. It 
had likewiſe been remarked, that when venous 
blood was expoſed to the air, the ſurfute of it 
acquired the ſame ſcarlet colour as that in che 
arteries 


Ta 
— 


— 


run re. 


arteries of the body, and veins of the lungs. 
This change of colour therefore, it was con- 
cluded, depended on the action of the air. What 
kind of action this was, remained unknown till it 
was diſcovered by the induſtry of the celebrated 
Dr. Prieſtley, who found that the dark colour 
of the venous blood depends on ↄpblogiſton. That 
this phlogiſton is acquired by it during its cir- 
* Culation through the body. That in its paſſage 
through the lungs, the air in inſpiration attracts 
this principle from it, for the ſame reaſon as it 
takes it from combuſtible bodies; and hence the 
air expired is almoſt the ſame phlogiſticated air 
with that which is produced by combuſtion. By 
the loſs of its phlogiſton the blood recovers its 
florid colour. From theſe facts Dr. Prieſtley 
juſtly concluded, that the principal uſe of reſpira- 
tion is to carry off the phlogiſton which the blood 
_ acquires during its circulation tbrough. the body. 
In confirmation of this doctrine it may - be ob- 
-\ ſerved, that as candles cannot burn, ſo neither 
| can animals live, in air that is ſaturated, with the 
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C HAPT EN XI, 
OF MUSCULAR MOTION. 


F T is known that the nerve, t the artery, and 
the vein, are neceſſary to the eon of a 
muſcle. 


The nerve ſeems to ni it with its power 
of irritability, whereby it is enabled to contract 
in conſequence of a ſtimulus, or the will. Its 
ſenſibility alſo depends on the nerve“. If the 
nerve be deſtroyed, the power of ricabiſity, 1 
well as of ſenſibility, will be loſt. 


A regular ſupply of blood 1s alſo equally ne- 
ceſſary to muſcular action; for a ligature on the 
artery, or vein, deſtroys the power of motion in 
a muſcle, as well as a ligature on the nerve. 


The uſe of the blood in this caſe ſeems to be 
partly to derive the irritable principle into the 
muſcular fibres from the nerves, by the ſtimulus 
of its heat and motion; and alſo to fill up and 
properly diſtend the muſcle itſelf. The blood has 
alſo probably ſome other uſe in this buſineſs, 
not. yet properly underſtood. 


* Tt is found that thoſe parts of the body which in health are 
neither irritable nor ſenſible, are liable to become ſo by 1 


While 


n 1 
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While a muſcle is in action, it is ſhorter, and 


alſo thicker than in its natural ſtate. But its 


thickneſs is not increaſed in proportion to its 
contraction; the bulk of the whole muſcle being 


leſs during its action than at other times. 


The cauſe of muſcular motion in the abſtract 
ſeems to be, that by the influence of the nerve, 
the particles of which the fibres are compoſed 
have their attractive forces increaſed, ſo that they 
are drawn nearer together; but that as ſoon as 
the influence of rhe nerve ceaſes, the increaſe of 
attraction vaniſhes, and the particles recede to 
their previous diſtance from each other, The 
phyſical cauſe is not yet known, 


CAP TER: XIE. 
OF THE EFFECTS OF AIR ON THE SYSTEM. 


ROM what has been laid of air in the Xlth 
chapter, and in the firſt part of this work, 


it appears that it is a fluid of the utmoſt im- 
portance in the animal economy. 


By the XIth chapter it appears that air is 
fitter for reſpiration, or for ſupporting animal 
life, in proportion as it contains leſs phlogiſton; . 
for then it is more capable of abſorbing that prin-. 
_ from the blood in the lungs. The blood 


thus 
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thus freed from phlogiſton will therefore, in the 


courſe of its circulation, more powerfully attract 
it from the body. | 


On what account the diſcharging the blood 
of phlogiſton is ſo neceſſary to life, has not as 
yet been clearly ſhewn, But it is well known 
that an animal cannot live many minutes in air 
that is incapable of performing that effect. The 
fact alone however is ſufficient to ſhew the great 
uſe of pure air, eſpecially in putrid fevers, and 
ſimilar diſeaſes, when the e ut with n 
phlogiſtic principle. | 


It may be obſcrved however that -hlogifion ; 
is not the only principle by which air is rendered 
vnfit for reſpiration; for if acid, or other irri- 
tating particles, be contained in it, they will, by 
irritating the trachea and lungs, alſo injure 
breathing. Thus, the vapour of burning ſul- 
phur is inſupportable, and that not on account 
of the phlogiſton, but of the acid particles irri- 
tating the organs of reſpiration. The complaints 
of aſthmatic people, with reſpect to the foalneſs 
of air, are in great meaſure the effects of thoſe 
irritating particles, 2 


Nor is the diſcharging of bullen the obly 
vſe of reſpiration. A arge quantity of luper⸗ | 
fluous aqueous matter is carried off by the the ale 


TV? 
in the lungs. 45 18 eyident in cold weather, when 
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it is viſible ; and it has not yet been proved that 
this matter is exactly of the ſame kind with that 
which paſſes off by the ſkin. | 


A dry and heavy air is better for breathing 
than a moiſt and light one, reſpiration then be- 
ing not- only performed with greater freedom, 
but more phlogiſton, and alſo more perſpirable 
matter is conducted off; and if the air in this 
ſtate be alſo warm, it is better tor breathing than 
when very cold, becauſe by cold tne moiſture 
is condenſed, and falls back upon the unges 
hence coughs, &c. 


The air in the lungs is alſo a ſubſervient 

to other purpoſes beſides thoſe deſcribed. Speax- 
ing, ſmelling, coughing, ſneezing, dejection, 
and various other actions are performed by 
means of it. 


With regard to the external effects of a air, the 
elaſticity or ſtrength of the fibres is known to 
depend very much on the ſtate of the air incum- 
bent on the body. 


That the atmoſphere preſſes upon the body 


with a very great weight, was ſhewn when treat- | 


ing of air, and from thence alſo it may be un- 
derſtood that the preſſure of the external air is, 
reſiſted, by the ſpring of the air within the body. 
Theſe ought preciſely to balance each other. 


But 
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But when the atmoſphere is light, tlie reſiſt- 


ance of the internal becomes greater than the 


preſſure of the external air; the veſſels then be- 


come turgid; the fibres cannot contract ſo freely 
and powerfully as they ought; the circulation, 
ſecretions, and other functions will go on more 


heavily than uſual; a general laſſitude is felt; the 


voluntary motions are performed with more dif- 
ficulty and labour; and from what we feel, we 
falſely imagine that the air is beaver than uſual., 


When the atmoſphere is heavy it preſſes with 
a greater weight on the body, and overcomes the 
reſiſtance of the internal air, and of courſe the 
contrary happens to what has juſt been deſcribed. 
The fibres are more elaſtic ; the veſſels contract 
with greater freedom and force; and the circu- 


lation, and other vital functions go on briſker 


than uſual, The voluntary motions are perform- 
ed with greater caſe, The body feels more light 
and alert, and we falſely imagine the air itſelf 
to be /ighter. This ſtate of the air however, is 


apt to generate an inflamed ſtate of the blood; 


hence ardent fevers, and other inflammatory diſ- 
orders frequently ariſe, as do diſorders of a con- 
trary kind when the atmoſphere is too light. 


A moiſt air relaxes the fibres, and diſpoſes tne 


fluids to a putrid ſtate, and as in a moiſt ſtate of 
the air, the atmoſphere is generally light, the 
laſſitude, the weak craſis of the blood, the ſlug- 

; giſh 


leſſened by a cold one. 


giſh cirevlation, and diſorders ariſing Ba chetn 
wilt,conſpire with rhe: in Re 1d an the 


e 246 et YO OST 


* 
* 0 
PN: 8 


The effects of a dry air on FY n the 


reverſe of theſe; and as ſuchꝭ a ſtate of it ſeldom 
happens but when the atmoſphere is alſo heavy, 


it will be more favourable to the e of 


= 3 diſeaſes. 


„ 


yy warm atmoſphere relaxes the Fools: 2 


favours a diſſolved ſtate of the blood. If this be 
joined with a light and moiſt air it, wall augment 


- theill effects of theſe on the body; but cold will 


counteract them. A cold air braces up the fibres, 


and enables the veſſels to contract with greater 


power. If this be joined with a dry, heavy at- 
moſphere, it encreaſes the evils of which theſe 
latter may be productive; but the ill conſequences 
of a moiſt and light atmoſphere are counteraſted, 


by it. * 


By theſe Grating we may be enabled to 
9905 proper indications in regard to the treat- 


ment of diſeaſes in the different ſtates of the air; 
and alſo with reſpect to food, or other. proper. 


management in health, for preventing or guard - 
ing againſt the ill effects of theſe reſpective un- 
favourable ſtates of that element. For example, 


when, the air is very moiſt, light, and arge 


© + Perſpiration is alſo evicreaſed 28 a warm "atwaſphete, and 


| regimen 
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regimen of a more bracing and antiſeptic kind 


is requiſite than in a contrary ſtate, where a re- 
laxing and antiphlogiſtic treatment is more pro- 


per. But from a knowledge of the diſpoſitioꝑ 


of the atmoſphere, and the ſtate of the patient, 
the practitioner's ſagacity will better point out 


the mode of treatment than many volumes. 


Having a clear conception of the premiſes, he 
will ſee, as it were by intuition, the conſequences. 


And I have made it my buſineſs rather to incul- | 


cate an idea of the premiſes alluded to, than to 
ſhew the various and almoſt infinite reſults and 
applications of them, which is much better 
left to the reader's ſagacity. He will notice in 
particular, that the ſymptoms of diſfgaſes will be 
often varied, according to the different ſtates of 
the atmoſphere; by want of attention to, or 
knowledge of which, the ignorant as Lon 
muſt frequently be miſled. Oe 


The effects of winds depend on their tempe⸗ 
rature, as to heat and cold; on their moiſture 
or dryneſs; and on the lighter or heavier ſtate of 


the atmoſphere which they occaſion. And there- 


fore ey may be referred to the preceding heads. 


2 


It may be Fe that winds will feel cold, 
though they are no colder than the other parts 


of the air. The wind from a pair of bellows 


feels cold to the hand, though the thermometer 
ſhows it to be of the ſame warmth as before it 
7. 8 was 


— - — 


- — 2 * ee * * —_— 2 — — 
. ˙1Äaͤ—ͤ—ö—ñ . . , , , 


— ya 


1 

| 

if 
iF 
9 3 


> 258 PHY S100 LOG v. 


* 


was thus put in motion. For the air immediately 
furrounding the ſkin is warmed by the heat of 


the body. But this being forced away by the 


current of wind, the freſh air muſt needs feel 
colder. | 


TIES. . Ne j | | 
Cold contracts the pores, and checks and con- 


denſes the perſpiration of the part; and hence 


it is that we are ſo liable to get cold when a part 
of the body is expoſed to the action of wind. 


Winds in general however are healthful, as 
they drive away the ſtagnant air, tainted by ex- 
halations from the earth, by animal reſpiration, 


h &c. and ſupply us with that which is more pure. 


© Befides heat, cold, moiſture, dryneſs, and 
different weight, the air may be affected by ex- 
halations from the earth, by noxious particles 
brought by winds, and the like; but theſe, except- 
ing phlogiſton, which has already been ſpoken 
of, we are as yet ſo little acquainted with, that 


we cannot ſpeak with any degree of certainty 


about them. It is to be hoped that philoſophy 
will in time throw light on this intereſting ſubject, 
fince moſt of the contagious and peſtilential di- 
ſeales depend in great meaſure on ſuch particles 
aboundibg | in the air. i 
21 1810 
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CHAPTER XIV. 


0 1410 183 7 


3 


or THE PASSIONS. 


, 4 


HE paſſions Ame the ba and ſome 
of them in a very eminent degree, They 


mall therefore be the ſubject of the preſent _ 


chapter. 


he paſſions by which the body is chiefly af- 
fected are grief, joy, hope, fear, love, hatred, 
and anger; the others, being either akin to ſome 
of theſe, or of leſs moment, need not be 5 
cified. 


71 is a violent and pleaſing paſſion, nk 
on the attainment of any good, eſpecially if ſud- 
den or unexpected. This paſſion occaſions a 


greaterdeterminationof the nervous influence into 
the body than uſual ; hence it ſuddenly, and re- 


markably quickens the circulation of the blood. 


A pleaſing warmth or glow is thrown upon the 


heart and breaſt, which are even convulſed, as 
it were, with tranſport; and inſtances have been 
known where death has been the conſequence, 
when the paſſion has been very violent and ſud- 
den. In this paſſion the heart in particular ſeems 
en lighter ; owing to the greater ability 


; | S 2 with 
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with which it is enabled to circulate the blood, 
not''only becauſe of the increaſed influx from 
the nerves,” but by reaſon that the veſſels, the 
muſcles, and other parts, on account of the like 
increaſe of nervous influence, perform more than 
their uſual ſhare in that circulation, and of courſe 
greatly lefſen the labour of the heart. The ſe- 
cretions, and other functions of the body alſo 
go on with a proportional encreaſe of ſpirit. 


Hops, or the probability of attaining any good, 
is of the ſame nature with joy, only calmer, or 
leſs violent in its nature. The like may be ob- 
ſerved of ſelf-complacency, which Mr. Hume 
calls PRIDE; of ſucceſsful Love, and of other 
paſſions of the pleaſing kind. 


Theſe paſſions therefore might be employed 
by phyſicians as cordials; which they are of the 
higheſt kind; and much better than any that 
the materia medica can produce. For example, 
if a phyſician is capable of perſuading a ſick 
perſon that he ſhall recover, ſuch an hope will do 
more towards the cure, in ſome caſes, than me- 
dicinal preſcriptions; and it is well known that if 
A patient takes It into his head that he ſhall die, 
[This contrary paſſion to hope will ſometimes occa- 


| tion his death. 
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Cate koweves mult be taken to prevent' excels 
in thoſe' paſſions; at leaſt in the violent ones of 
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may be occaſioned, but by exhauſting the ſpirits, 
they will often bring on a contrary diſpoſition of 
the ſyſtem, . and the laſſitude will be productive 

of more ill to the body than the hilarity of the 
paſſion did good; and the more, as the good 
was only temporary, whereas the evil will be 
more laſting. When therefore theſe conſequences 
are likely to ariſe from theſe paſſions, they ſnould 


be carefully moderated by a ſkilful application 
of Dae of an oppoſite kind. _ 16,440] 


1 or that paſſion which is Ry 
the loſs of, or diſappointment in, any good, re- 
markably decreaſes the determination of the 
nervous influence to the body, directly contrary 
to joy. Hence it cauſeth the heart to beat 
lower and weaker than uſual ; and as the veſſels 
and other parts of the body will be equally af- 
fected, the heart will alſo have, notwithſtanding 
its lefſer ability, a greater ſhare in circulating 
the blood than. uſual. Hence it painfully la- 
bours, throbs, and is oppreſſed as with an heavy 
weight; and as in joy, by the greater determi- 
nation of the influx from the nerves, a ſenſe of 
warmth was cauſed about the heart, and the 
ſyſtem in general, that of coldneſs or damp will 
now take place, tor the contrary reaſon. - This 
paſſion alſo, when very ſudden-andyviolent;} has 
been known to occaſion inſtant death. Griefs 
eſpecially that exceſs of it which is termed, de- 
Hair, is not only of longer continuance than joy, 

8 8 3 | but 


262 PHYSIOLOGY. 


but productive of much worſe effects. Loſs of 
appetite, hyſterics, hypochondriaca, and melan- 
choly madneſs, are often the dreadful conſe- 
quences thereof. It may be added, that in this 
paſſion, the ſecretions, and other functions of 
the body, are remarkably leſſened; and ſome- 
times ſo much impeded, that the fluids in a 
manner ſtagnate, and the ſyſtem becomes as it 
were almoſt inanimate. ; 


Every means ſhould be uſed to divert the at- 
tention of the mind from the cauſe, or object of 
this fatal paſſion, and the introduction of objects 
which are likely to inſpire a contrary affection, 
ſhould on all occaſions be attempted. But even 
this paſſion may be rendered uſeful, as it may 
be employed to moderate the dangerous exceſſes 
of the contrary ones; as hath already been re- 
marked. 


FEAR "Rok much the ſame relation to grief 
as hope does to joy; for as hope is a mixture of 
Joy and grief, in which the former preponderates, 
ſo fear is a like mixture, in which grief has the 
excels, as Mr. Hume has elegantly ſhewn. Fear, 
therefore, is only a leſs perfect grief; and its 
effects on the body are of a ſimilar nature, but 

only more moderate. Hatred, envy, jealouſy, 
and the other diſagreeable . oe” alſo 
dene n e N . 
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ANGER, Or RAGE, though a diſagreeable paſ. 
ſion, has an effect on the body ſome what like 
that of joy, I mean with reſpect to the increaſed 
determination of the nervous influence into the 
fibres; but without the pleaſing ſenſation, ' What 
was ſaid of that paſſion may be applied, with 
proper allowances, to this and o ces of the 
like kind. | 

The eff-&ts of the paſſions on the body are to 
be conſidered as produced immediately by means 
of the moving fibres; for it is into theſe that the 
nerves impart their influence according as they 
are affected by the mind. Joy contracts, or 
braces up the fibres more than uſual, hence they 
act more powerfully or with greater vigour; and 
grief relaxes, or weakens them, whence the 
force of their action will be leſs ; the like may 
be obſerved of the other paſſions. For the vital 
functions of the body go on more or leſs vigqur- 
_ ouſly according as the fibres a& with er 
leſs power. Exceſſes of paſſion however, cp 
cially ; if frequent, will ſtrain, or otherwiſe i 
pair the fibres, &c. and hence thoſe melancholy 
conſequences which were mentioned when, treat- 
ing of the fibres. 


+4 1 H (3 3b \ 314% 


IOW Vie 


lt appears therefore that the paſſions are cap- 
able of being applied to uſeful purpoſes 9 —. 
eine. But ſkill and addreſs are required; and 


NI 8 4 perhaps 
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perhaps, it will be adyantageous to the practi- 
tioner if he likewiſe makes himſelf acquainted 
with. their metaphyſical theory, as. delivered: by 
Mr. Hume, and other APO. id bobs 
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OF VISION. 


HE doctrine of viſion, ſo far as relates ta 

A | the refraftion of light, was explained in 

the chapter on optics. The manner in which 

viſion. is cauſed by the rays of wy wp *. the 
ſubject of this ſection. 


a 4 he different colours, like notes of ſound, 
may be conſidered as ſo many gradations of tone; 
for they are cauſed by vibrations of the rays of 
light beating on the eye, in like manner as ſounds 
are cauſed by vibrations or pulſes of the air beat- 

ing on the ear. Red is produced by the floweſt 
vibrations of the rays, and violet by the 
quickeſt. . 


er did, bs A585 


In the chapter on bprich: It was neun that 
colours might be excited in the eye without the 
1 aſſiſtance 
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aſſiſtance of the rays of light, or merely by itri⸗ 
tation, as is the caſe with the ſenſe of feeling. 

But theſe colours are the ſame with thoſe which 
are excited by the rays of light, For the white 
colour is like that which ariſeth from. a mixture 
of all the rays ;; and different tones or notes of 
colour are ſometimes, obſerved, to ariſe, like thoſe 
cauſed by the refracted rays. Now as the rays 
cauſe colours by means of their vibrations, and 
as colours may be excited by irritating the eye, 
like thoſe cauſed by the rays of light, it ſeems 
apparent that thoſe colours are the effects of as 
many different vibrations liable to be excited in 
the retina, of the ſame ſwiftneſs wich thoſe of 
the reſpective rays of ligt. 8. * 


In the chapter on ſound, it was ſhewn that a 
muſical ſtring, when put into vibration has the 
property of putting another ſtring into motion, 
whoſe time of vibration is the KI with its own; 

or whoſe note, is in uniſon with it, The ſame 
thing ſeems to obtain with regard to the rays of 
light, and the vibrations or colours liable to be 
excited in the retina. If the red. making rays 

fall on the eye, they excite the red- mak ing vi- 
bratiops ; in that part of the retina whereon they 
impinge, but do not excite the others becauſe 
they are not in uniſon with them. And hence 
it ſeems to be that the leaſt refrangible rays. cauſe 
only a red colour. For the ſame reaſon, it, the 
ne Fa ſtrike on the, retina, they Exe, 
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cite all the violet-making vibrations in the part 
on which they fall, and thoſe only, and therefore 
cauſe only a violet colour, and the like may be 
obſerved of the rays which cauſe other colours. 
From hence it may be underſtood that the rays 
of light do not cauſe colours in the eye any other- 
wiſe than by the mediation of the vibrations or 
colours liable to be excited in the retina ; the colours 
are occaſioned by the latter; the rays of light 
only ſerve to excite them into action. So like- 
wiſe if blue and yellow-making rays fall together 
on the ſame part of the retina, they excite the 
blue and yellow-making vibrations reſpectively, 
but becauſe they are ſo cloſe together as not to 
be diſtinguiſhed apart, they are perceived as 
a mixed colour, or green; the ſame as would be 
cauſed by the rays in the midway between the 
blue and yellow- making ones. And if all ſorts 
of rays fall promiſcuouſly on the eye, they ex- 
cite all the different ſorts of vibration, and as they 
are not diſtinguiſhable ſeparately, the mixed 
colour perceived is white; and ſo of other mix- 
tures. +3Þ Wadi, 2 | 


We are therefore perhaps to conſider each of 
theſe vibrations, or colours in the retina, as con- 
need with a fibril of the optic nerve. That the 
vibration being excited, the pulſes thereof are 
communicated to the nervous fibril, and by that 
conveyed to the ſenſory, or mind, where it occa- 
_ by its action, the reſpective colour to be 

f 3 perceived. 
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perceived. Alſo that there are in the retina 2 
great number of vibrations of the ſame times, 


or kinds, and that all the different ones are mixed 


dog Nr bee 0 9 1 Whos N 


+ OF - W.. K 5 mw 


As colours may be excited by: irritating the 


retina, ſo there are ſounds liable to be excited 
by preſſing or irritating the ear. The tinnitus 
aurium, or ringing in the ears, had long been 
noticed by authors. By prefling the ear with 
the finger, and otherwiſe irritating it, it has been 
found that a regular ſcale of notes, or muſical 
ſounds, might be excited; and that the ear ſeems 
to contain all manner of them, from the loweſt, 
or moſt grave, to the higheſt, or moſt acute. 


It is probable therefore, that the vibrations of 


air cauſe founds by the mediation of theſe, in 
like manner as the rays of light were ſuppoſed to 
cauſe colours by means of the vibrations liable 
to be excited-in the retina. | 
The pulſes or vibrations of the air beat upon 
the rympanum. The internal ſounds however, 
or thoſe liable to be excited by preſſing the ear, 
do not ſeem to be in the tympanum, but in the 
labyrinth and cochlea, which are the inner parts 


of the car. Behind the tympanum is a cavity 


filled with air; from its reſemblance to that in- 
ſtrument, it is called the drum, of which the 
I called mpanum is conſidered as the 

, head. 


r 
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head. In the tympanum only the ſenſe of feel- 
ing can be excited. When. a, ſound enters. the 
ear it beats upon that membrane; and the pulſes, 
are propagated thro' the drum into, the cochlea 
and labyrinth. It there probably excites the 
uniſon internal vibration, and thence cauſeth a 
ſound, in the ſame manner as was ſhewn with 


regard to colours. The note of the ſound there- 
fore, and alſo its loudneſs, ſeem to be determined 
by the internal ſound excited in the labyrinth; 
but the ſituation, and other particulars of it, are 
probably known by means of the other parts of 


the ear, in a manner not yet properly underſtood. 
See alſo the chapter on ſound. 


OF FEELING. «HY? 
Hearing and ſeeing are confined to very ſmall 
portions of the animal, the eyes and ears: but 
feeling is an univerſal ſenſe, being diſtributed | 


throughout the whole body. 


Hearing and ſeeing are capableof MOM 
by mere irrigation, as hath been ſhewn and they 
ſeem to be Pitt occaſioned by vibrations liable 
to be excited in the organs of thoſe ſenſes, and 
carried, by the nerves to the ſenſory, or mind. 
Feeling is ſo liable to be excited by this means, 
that it is ordinarily excited by no other. And 
thete fore it ſhould ſeem that feeling is alſo occa- 
fioned by vibrations liable to be excited in thoſe 
Parts which are endued with this ſenſe. _ 

2s The 
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The whole cutis, or ſkin, is poſſeſſed of the 
ſenſe of feeling, and anatomiſts ſhew certain 
ſmall pyramidal bodies, which they call papillæ, 
as the immediate organs of this ſenſe ; perhaps 


we may rather ſay, of that particular cc. 
tion of! it, called touch. 


When the ſenſe of feeling! is excited with an 
undulating motion, as by means of a feather, or 


the like, it yields that pleaſing kind of ſenſation 
called tickling. 1 
When feeling i is excited very ſtrongly, it 75 
generates into pain, which though diſagreeable, 
is of the moſt important uſe, for by it we are in- 
formed when any thing is injuring, or deſtroying 
the body, and arouſed to remove the cauſe. 


Different parts of the body are endued with 
different degrees of fecling, ſuitable to their dif- 
ferent uſes. Thus, the hair, nails, and cuticle 
have no feeling; the bones very little; the gums, 
the heart, and ſome other parts have leſs. than 
the fleſh in general, for elſe the former would be 
hurt by hard food, and the labour of the latter 
in circulating the blood would be continually 
ſenſible and troubleſome. But the membranes 
are, in general, the moſt ſenſible parts, of the 
body, though theſe alſo differ in this. reſpect, 
according to their ſeveral uſes. 


5 * 


id bagon 
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The a © (bak cricability and ſenſibi- 
lity was ſhewn when diſcourſing on the fibres. 


Feeling is by far the molt uleful, extenſive, 
and important of the ſenſes, and may be ſaid 
indeed, to be the baſis of them all. Viſion would 
be of very little uſe to us, if it was not aided by 
the ſenſe of feeling. The picture of an object, 
for example, 1s painted on the retina, by the 
rays of light; yet it is not merely by this picture, 
but by the eye tracing the boundaries of an ob- 
ject, that we get the idea of its ſhape, the eye 
only conſidering that point of an object which 
Hes in the optic axis, at a time; ſo that it is pro- 
perly by means of the ſenſe of feeling, that we 
get the idea of an object's ſhape. T * like may 
be obſerved with regard to the ſituation, motion, 
&c. of objects. With reſpect to hearing, we 
probably gain an idea of the ſituation, &c. of 
ſounds, entirely by means of feeling. In ſhort, 
it is to this ſenſe that we are indebted, either 
immediately, or indirectly, for by far the great 
eſt part of our knowledge; as the reader will 
find by conſulting the authors who have beſt 
treated on thoſe ſubjects in a metaphyſical view. 


To feeling may be added the ſenſations of heat 
and cold, which are capable of being excited 
wherever the ſenſe of feeling is found, and there- 
fore ſeem to be only certain modifications of it. 


Heat ariſeth in a part when a ſubſtance hotter 
5 than 
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chan that part is applied to i, 1 ook in a the 
contrary caſe. 7 


or TASTE, uni HUNGER,  THIRST, Nc. 
Taſte, and ſmell, differ from the ſenſes of ſee- 
ing, hearing, and feeling, in ce they cannot 
be excited by merely preſſing, or irritating the 
organs, as happens with the Vibes. The like 
may be obſeryed of hunger, thirſt, ke. Met 


„ 


4 


From 686780 bodies, effluvia, or very ſubtle 
particles,” are continually flying off. Theſe parti- 
cles being drawn up the noſtrils, with the air in 
inſpiration, act upon the organ of ſmelling, in 
the os cribriforme, and, according to their ſe- 
veral natures cauſe different inet. ts 


As the e exhaled by the odorous body 


are in greater plenty near the body than at , 
diſtance from it, ſmells are weaker as the body 


emitting the odour is more remote, and that in 
a duplicate proportion to their diſtance, as thoſe 


who are ſkilled in mathematics can eaſily Wed 
Ae. 5 


Allo when the air is moiſt, particles exhale in 
greater plenty than when it is dry, and in a warm 


air more than in a cold one, and therefore the 


ſmells of bodies are more OO at thoſe times 


than at mee | n29d + = 
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TasrE is excited by ſaline, and certain other 
particles of bodies, which muſt either be in a li- 
quid form, or capable of being diſſolved into a 

Iquid by the moiſture of the tongue, for otlier- 


wiſe no taſtes are RENEE uy chen d. „ 
K 1 18 4. ., G4, bi + 
The papillæ phy pw —_ organs of 


taſte; and on them the liquids which are capabla 
of exciting this ſenſation act. As the particles, 


are of different natures, they cauſe different taſtes, 
and taſtes of the ſame kind are ſtronger accord- 


ing as the particles more abound in "the _ 


ans pas an od} ſenſation'i in _= 0 


ariſing from a want of ſufficient mciſture in that | 


14 4 is 161 7 + 


part. 


. Huxces is an uneaſy ſenſation i in the ſtomach, 
ariſing from want of food. It is occaſtoned by 


the Juices of that viſcus, which not being em- 


ploye@ in ' Ageſting the food, ſtimukate the 
Romacl. 157 J 2 n ie 
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The ſenſes ſerve to inform the fnfellf ge nt prin- 
ciple of what paſſes in, ox without the body, 
in order chat proper meaſures may be adopted 


1 „ One reaſon why ſome faline Le tne 


may be, their diſſolving more readily and copiouſly eee 
of the tongue, (See page 105.) 


OE 3% 


The above reaſoning. ſeems Aue bold good _ regard to 4 | 
for 
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for. the preſervation. ori x che. indi- 
viduall. * # eee eee N 


1 


e Hes, information " 
things at a diſtatice, which the other ſenſes co 


take no oognizance of. It alſo acquaints us with 
cke objects immediately — — | 
che orher ſenſes could. To this ſenſe objects 


quicker, better, and 


appear moſt delightfully painted with a thoutand 
varieties of beautiful colours, all which they ate 
deſtitute of naturally, and for which they are 


indebted to the eye which beholds them. Our - 


pineſs Was evidently conſulted * the Great 
E * chis particular. 3 


Tit 10 5 1 11 


III An no. alſo informs us of tir at a 


f Ge and in many inſtances where ſight either | 


could not at all, or much leſs advantageouſly, 


On this ſenſe likewiſe the whole ſyſtem of lan- 


guage depends, whereby we are enabled to hold 


converſe with one another, and from whence we 
derive ſuch wonderful advantages. As to the 


eye, bodies are indebted for the beautify] co- 


lours under which they appear t tous by that Se "i 
ſo the like may be offerved wich regard to mu 
god the car. Mere motions or tremors of the. 


air, are by means of this ſenſe metamorphoſed 
Into the moſt raviſhing harmony. Another very + 

piral ioftance of our happineſs having been 
conſidered 10 "the Creator, There 1 is ſcarce, 3 
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6 EL arm again tf theevils of life than muſic, 
Wben Klfully' applied, and it "has eben been 


"Intrdduced lte itieaicine, in this view, vithſuc- 
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1 keſe three ſenſes are, naturally, the onl only ones 5 

* ny nform 1 vs of what pes without 1 body. 
* thele y we are timely warned of an evil or ap- 

5 .. of : a good; and ſet at work to guard againſt 

the one, and endeavour to obtain the 
Thesen in conjunction with the otl ers, in- in- 
form us alſo of the qualities of bodies, of our 
Food, and a number of other circumſtances, not 

70 Our purpoſe to relate, and hence are of infi- 

Nee in t ee as well as in Ahe qedinary | 

eechkreaces of | 
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Objeds of TASTE operate only by immedi; ate 
: Eqntaft with the tongue, and therefore do not, 
ke thoſe ſpoken. of,” inform us of what paſſes 
without the body. Its uſe is to examine, toge · 

ther with ſmelling, the qualities of the food. 

This ſenſe, as well as that of ſmell, alſo contri- 
Hbute to our happigeſs, by metamorphoſing ths 
- ions of mere inanimate particles into agreeable 
ſenſations; and hence we are led, by the mere 
conſideration of pleaſure, to the moſt neceſſary 
vt our r ations, that of taking food... 


> But 


nb ads 2283-2 
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But as our pod s, from the continual waſte 
_of fluids, havevecaſion to be frequently; recruited, 

: nature has provided a ſtill more powerful ſtimu- 
lant, or incentive, to the recruiting the body, 
I mean the ſenſation of HunGtr, By this ſenſe 


we are informed when che raking of nontfiment 
18 neceſfuy: in health the call of appetite/tor- 
reſponds exactly enough with the wants of the 
. ſyſtem ig in this reſpect, The gaſtric juice, whoſe 
use is to digeſt the food, being continually ſe. 
1 
creted, it follows that when there is no aliment 
5 the ſtomach to employ it, it irritates the 


/ Romach itſelf, giving us the craving ſenſation 


of hunger, and thereby ſtimulating us to. eat, in 
order to get rid of that uneaſy intruder. Nor will 
2 be fatisfied till a due quantity of food i is taken, 


£099 . 1 


Tuts is inſtituted with a amar deſign 
40 qo hinges, When fluids are-wanting in the ſyſ- 
tem, the dryneſs of the throat in conſequence 
thereof produces the moleſting ſenſation of thirſt, 
| Which excites us to the act of drinking, in order 

to remove it, ſo that, as in hunger, our pleaſure 
or eaſe and the views 1 are at the ſame 
time obtained. pope 8 


* © 
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Bork Glens Rey thief vinings: gs w 
be perverted by ill habits, or by diſeaſe, from 
the" views originally intended by them. Thus, 
- drunkargs and gluttons frequently hunger and 
cht When Ane has no occaſion either for 
. r 1 | ſolid 
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ſolid or fluid And, and the like ſometimes 
happens from their being vitiated by diſeaſe. 
The contrary of this likewiſe alſo often takes 


place, eſpecially with regard to hunger; it nei- 


ther giving notice when nature requires a ſupply, 


nor is the ſtomach, through weakneſs, capable 
of turning the food, if taken, into proper nou- 
riſhment. It may be obſerved too, that when a 
tever takes place, nature herſelf providently 
deſtroys the appetite, in order to prevent an 
ancreaſc of the diſorder. + bod Sd 10 
vat aon! W 


| 'F 1s by ' 24 21 * 1 
Ls r was implanted in the body with a view. 


80 ſimulate us to the propagation of the ſpecies, 


A, thrgidneſs of the ſeminal veſſels produces an 
uneaſy kind of ſenſation, which provokes us to 

the act of copulation. And by that act, as hap- 
gens with, regard to hunger and thirſt, we at 
once: get rid of the importunity, and anſwer the 
deſign of nature. The pAss1 os might alſo be 
gonſidered as ſo many different ſenſes; for all of 
Fe fe nf tions by whic h we are provoked by 
te contents of the bladder and rectum, to empty 
theſe iketa, mah allo be conſidered as diſtinct 
{enfitioos; for theſe re ſpective purpoſes. L "Theſe 
{aiſations however, as well as thoſe of hünger 
SHU IHE Reem'to” be only particular modifica- 
tions of feeling. Perhaps thoſe of taſte and ſmelt. 

as gg e the fame predicament. 
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. KAW 18H 007 Do vet e anamdtnh 
AN E. difference of che: lan the body in 
54 +: >0eeping and waking is, that thoſe parts 
of the body which ſerve for voluntary motion 
in waking, as alſo the Organs of ſenſation, have 
theif faculties ſuſpended in the formet Rate, 'Ar 
that titme, none but the vital motions, ſecreti ions, 
and ther functions abſolutely neceſſary” Woke 
contindance of life, but which are wholly inde- 
pendent on on the will, go on. Thus, the e eye 
does not ſee, nor the ear hear, nor the Kin feel 
at that time, if the ſleep be profound, neither 
do the limbs move, though the will commands; 

which is frequently the "calc in dreaming, or 

imperſec Aecp. This term J ve it, 2 


Ft 11 5 as. the body. 85 The on Pt a at 
55 times is not only unconſcious of what. is 
going on in, and without, the body, but the 
whole animal, dae APR tive being. 


is in a manger inanimate. 8 19-2008 


1 . * 


This alternation of ſleeping and waking is ne- 
ceſſary 1 in order to repair the waſte of the parts. 


5 888 For 
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For nutrition i IS. chiefly performed in MNeep z and 
the vital ſtrength recruited. Hence the injury 
which. the body derives from the Want of it; 
hence alſo we maß be enabled to underſtand the 


medicinal uſes of ſleep,” which in caſes of long 
and 6bftinate watchfulneſs, ſhould ſdmetimes 


be procured even by artificial on: whether 


the evil beoccafioned by diſeaſe, pain, unealineſs 


H mind, or other cauſe. 


. m9? acl? 


As Neep i is ſeldom profound, we e 


alter nation of this ſtate, and wak ing, furniſhed. 


with an agreeable viciſſitude, a variety of ſcene. 


For moſt people, during the former ſtate, dream. 


We ate then, as it were, in a new worlds The 


cares of life are forgot for a while, and we awake 


$ 


to ral action with new en and vigour.” Feb 


2 5 15 
$8530 "24 19D 04 ks 


Delirium, and madneſs, are alfo A kind of 


| dreaming, the ideas in both caſes appearing to 
us like real external ſenſations, for which we at 
the time miſtake them. Theſe however are to 


be conſidered x as 51 E x13: 12 viRfh9t 5 
t ni JEL F:.: . 4% 1 1 Wes 
200 en A * T E R xvll = Ya 
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UM AN beings. are ee ed by means 


H of ſeed as well as vegetables; and the egg 
is the animal ſeed, In botany we find, that male 


»- * and 
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and female parts are Hege ligg to te b Fee 
of plants, as well as in animals. . 9 11 The ſeed. ſelf 
is in the female part of the flower, or in th 8 fo 
male-flowery, where. rhe, male avg female fowers 
are diſtinct. But che pollen, or viyifying; rin 
ple from the male part or flower, is abſolurely. 
neceſſary to rendering that ſeed e | 


with Which being duly. impregnated 5 
becomes capable of producing anew plant. 89 


in the female of the human ſpecies the egg. t 2 
proper baſis of human ſeed is contajned, : hut 
never becomes perfect unleſs quickened by the 
vivifying principle from the male; when that. j: 
done; the egg or ſeed is diſpoſed to producma 
young animal. In oviparous animals the gg 
when it arrives at a certain degree of petfection,, 
is excluded from the body, covered wick an hard. 
ſhell to defend it from injuries, and afterwards 
hatched” by heat. But in human beings,>ahd 
thoſe animals which are termed Warr ge 
88 is. hatched'in che ö 15 | 
1 12 . cer niz 5 1 
In the Kune of — bush PR a monrhty 
diſcharge of bloody matter takes place in the 
abſence of pregnancy; but afterconception that 
diſcharge generally ceaſes, it being then turned 
to the nouriſſiment of the foetus. -) Theimproper 
ſuppreſſion, or profuſion of this diſcharge, often 
occaſions many weren ally the 8 
hyſteric kind... 6 930% 26 1 JW eh hav). 10 : 


m 1803 font 9% y 230 al 99 lemias 9013-24; 
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wa}. in the egg, is continually growing, or 
increaſing in ſize, From the time of the birth 


: £ in an hu 
the twenticth year. The increaſe of growth is 
greateſt at firſt, and is afterwards leſs and wg 


250 learn 


K n A 5 1 E R xvIn. 
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ROM. the time of i impregnation - of the 
ovum by the male, till the birth, the young 


it alſo. continues to augment in bulk till it arrives 


at the ſtate moos we term adult; and which, 
eing, is uſually reckoned about 


epi. till the age of puberty is attained.” 


5 The 7800 of this increaſe of ſize is, wiſe 12 
prefiure. of the fluids is greater than the reſiſtance 


| of the ſolids, ſo that the latter will in courſe give 


way, or expand“. For in youth the ſalids are 
ſoft; but at the age of puberty they become 


| harder 3: and ſufficiently ftrong to refit 


farther dilation by the vreffure of the" fluids. 

"afterwards become more and mort hard; 
1 at. length ſo dry and rigid, that they ate! no 
longer fit for the purpoſes of the wotler oft the 
ſyſtem ; whence thoſe motions, 4. gere 
ss ieh de pends on thi 113 ceale';, and © death 
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The finids are alſo in greater eee 


, youth than in age, 
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ROM what has been ſaid, the reader ill 
-. PEIREIVE,. that when the ſolids, and fluids 
are in their proper ſtates and proportions, the 
_ taken in due quantity, and pro- 
perly digeſted ; and the air in the moſt n 
Rate with reſpect to denſity, and the other 
ticulars already diſcourſed of, the circulation, 
ſecretions, and other animal functions, will go 
on to the beſt poſſible advantage; the faculties 
of both mind and body will be in 3 
fect conditions, and a general harmony will! 
throughout the ſtem 3 this conſtitutes health. : 


15 On! ine — * 114 92 70k, 
5 On the contrary, AA any of theſe.are faulty, 
the harmony i is deſtroyed, and diſorden takes 
place in the ſyſtem and the diſorder is greater, 
according to the degree of the defect, or amore 
| 0 theſe powers concur in producing i inn 198nol, 


25 * 4 193k It. 


© Diforders therefore owe their o origin either to | 


food, the ſyſtem itſelf, or to the Air : for cafuah 


ries, or the effects _ 0 violence, are not 
here conſidered. F 18g gr oll Its burt STD * 8 
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Diſorder may be introduced by food ſevetal 
ways s by too little a quantity thereof; by too 
much; by that which is too poor; by, too rich 

food; by an over proportion of ſolid to fluid; 
by co great a proportion of liquid; and by 


improper food, either conſidered in uſelf, or 
varied in all the preceding caſes. On $01 not 


The conſequences of taking too little food. 
even of that which is proper, ate too obvious to 
need pointing out. A waſte of the body, weak 
neſs, and at length a fever, ariſing from, the 
gaſtrjc juices, which ſhould be employed in di- 
geſtidg the food, getting with the little chyle 
cher 1 made into the ſyſtem. An encreaſed. al- 


lowance of food is i the belt remedy in 
this caſe. 1 


8 00! 


Food in too great quantity produces a, ple- 
thora, or over fulneſs of che veſſels, and alſo 
crude or imperfect juices, "the ſtomach, taking, 

in more than it can properly digeſt. "Hence what 
are yulgarly called humours in the blood, and 

rhe | eruptions in Lafee of thee 3,00, | 
of vital 15 5 from a Ser weakneſs of 

the gver-ſtrained, fibres; and at length. indigeſ- 
tion, and loſs of appetite, the ſtomach, from the 
frequent over diſtention, laſing its digeſtive power. | 
The mere plethora may be relieved. by bleeding. 
evachationꝰ, and reſtriction to a due n 
12D 5101 of 
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of Hood. The other complaints by the Tame 
means, in conjunction with thoſe uſually: pre- 
ſcribed for the reſpective maladies. Tr Ws G f 


WEE: 


A poor, and rich diet produce effects imer 
to the above; and, if taken in the Tania phy” 
portion, in a more eminent degree. 


If the folid food be in too great bens N 
liquid, the blood will be apt to be too thick; - 
and therefore will not circulate fo freely as it 

- ought, and the ſecretions, and perſpiration will 
alſo' be impeded. Hence ſtagnations of the fluids, | 
obſtructions, and the diſorders ariſing from 
them. An exceſs of liquid food, I mean if too 
watefy, will occaſion a contrary ſtare of the 
blood, and the diforders conſequent thereupon. 


The diſorders arifing from improper, or bad 
food, will be various according to its hatüre. 
Thus, putrid ſalt proviſion produces the ſcurvy, 
plants of various kinds occaſion different ſpecies 
of diſorders, and ſome of them almoſt inſlant 
death whence they are termed poiſons 3 and fo 
of others. ' Philoſophy has not yet arrived at 2 | 
_ ſufficient knowledge of the theory of aliment, to” he” 
determine à priori on theſe matters, though | 
from the improvements and diſcoveries: almoſt 
daily making by the inquiſitive, there is reaſon 
to hope for greater certainty, and that this part 
of phyſiology will allo in time be reduced to 
| leience. 
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ſcience; We know that the food that we take 
muſt, among other" principles, contain a. due 


proportion of phlogiſton in a ſtate pr. oper r for 
aſſimilation. And hence itfeems 1 to be, t at ant- 


mal food is in genctal beſt for Not ien and 


next to that vegetable. There are few eh 


but what might be made ule of as, food. The 
vegetables proper for diet are far leſs numerous. 
But. a a ad mixture of animal and Fei 


food is found to be moſt conducive to health. 


2 8 Hau * JETS 


0) The- disorders liable to be produced in the 
ſyſtem by the different ſtates of the air were ſpo- 
kene in the XIHth ang need hn and therefote need 
eee | | 1 en 
Sn: n bst v4 
\T hoſe, ariſing from che Stem ſelf are ett 
duced. 1. By the paſſions; of which we'rreated' 
before, ' 2. By too violent exertion, or exereiſe; 
and, 3; By a ſedentary life, and too much weit 


* e effects of over exertion, 7 7 contiaved 
fatigue on the, ſyſtem are to ſtrain, wear out, 

FT : relax, the fibres, and occaſion too great an 
hurry and irregularity, in the circulation - and 
ſecretions, and this is alſo commonly joined with 
an anxjeus ſtate of mind. From henct confump- 
* ang other. ſimilar e bay 


3 wad 228 * I 9005 


If 6 the 0.00! 4 ene. 
c contrary, "want;of 1 and an 


3 


over ind ulgence. of. Neep,.. eſpecially. if. ge gom. 


panicd \ with a tranquil mind and full diet, is apt 


10 
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to produce plethora, crudities, and corpulency; 

with their conſequences, But when a ſedentary. 
life is joined with hard ſtudy, and abſtemious 
living, the oppoſire effects are more apt to h pro- 


duced, toy being 2 real exerciſe, and im ures 
the vital powers e More; than. Rat. 01 4 


Many Uiforders 1 may "alſo be called Mtorders 
of the body, which originally took their riſe from 
regularity with reſpect to food, the ſtate of the 
air, or other cauſe. For example, when a ge- 
neral relaxation of the fibres obtains, we are to 
conſider it only as a diſorder of the body; with 
out regard to its original - cauſe,” eſpecially if 
that cauſe no longer operates; and the intention 
by medicine muſt be to reſtore the tone of theſe 
fibres by bracing medicines, and a proper regi- 
men. But if the cauſe of the diſorder remains, 
tlie ſirſt ſtep muſt be to remove it. Thus, H 

y cold air, or otherwiſe, perſpiration be 65. 
dented, and a fever occaſioned, we are firſt to 
remove the external cauſe, and then by d ap! 
retic and attenuating remedies, &c. reſtore} 


ſpiration. The like may be obſerved”, 'of ma 7 many 
other diſeaſed ſtates of the body. 1 uA VII 1 ” 
rw boot aon Das 0109 

The ſcience, of tlie is not yet arrived gt 
Wehn Bate of perfection as 20 ehable us to ven- 


fon about the manner of operation of medii 
in general, any more than we can about the cas 


1 


and progreſs of diſcaſes in many ca T 1 * 
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much muſt be left to accurate obſervation z and 


dur. conduct muſt be regulated by the paſt ex- 
perience of others, and our own;.. hence the 
_ great. uſe of practical wrigngs in in medicine. Yer 
| our knowledge 1 in this way is very conſiderable, 
and in moſt caſes ſufficient. Thus, when from 
a knowledge of the cauſe of a diſcaſr, we know 
alſo that any particular evacuation will qure it, 
ve can, in general, with certainty product that 
evacuation, even as a mechanic can, produce a 
deſired effect by a known adequate cauſe. If, for 
example, we would purge, we not only know 
what medicines will procure that evacuation, 
but have our choice of a variety of them, which 
are known to produce different effects in that 
way, according to the end ro be anſwered. Thus, 
manna is merely ſolutive, bur jalap powerfully 
evacuates alſo the vaſcular ſyſtem, and fo of 
others. The like may be obſerved of emetics, 
diuretics, ſudorifics, and thoſe which encreaſe 
other evacuations. So likewiſe we can leſſen one 
evacuation by encreaſing another, If tonics are 
wanted, we. have our choice of à like variety. 
And the ſame may be obſerved of attenuants, 
and thoſe for other intentions. We even know 
the manner in which ſome of theſe remedies act; 

Thus, an emetic acts by vellicating the fibres of 
the muſcular coat of the ſtomach, thereby excit· 
ing it into contraction, whereby the contents of 
that voy are FEDERER. A cathartic acts in a 


RUG © . N 7 i fnilar 


CY 
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| fmilir manner on the guts, and alſo, by RAINY 
ing their ſmall glands, occaſions an enereaſe of 
their ſecretions; ' whence the hquid part of the 
diſchatge. The operation of "other 'wiedicines 
have alſo been rationally accounted for by me- 
dical writers. But yet to know how, or in what 
manner, theſe medicines produce theſe effects, 
voeldl be of little other avail than to gratify 
curloſity; all that we have occaſion to know is, 
chat they 40i/l have tbeſe efefs; and our know- 
ledge in this reſpect may be conſidered as real 
ſcience. The ſkill of a phyſician confiſts in 
acquiring a knowledge of the cauſe and ſtate of 
a diſorder; and that will point out to him the 
remedies proper to be adminiſtered, at leatk in 
- Caſes which are relievable by medicine.” © 


1 even more perfect in this winch of 
the medical art than in that of the knowledge 
of the diſeaſes themſelves, many of which ariſe 

from cauſes that do not fall under the nature 
of gur ſenſes; as from qualities of the fluids, 
the air, &c. Which philoſophy has not yet 
enabled us to aſcertain; in theſe caſes, till we 
ate better informed, experience, and atten- 
tive. obſervation muſt be our chiefeſt guides. 
But chere are a variety of caſes in which we are 
able to acquite a knowledge of the diſorder with 
ſufficient certainty. Thus the cauſes af diſraſes 
with, reſpect to plethora, fever, and the Ake, 
ate Fiſcoverable with accuracy by the pulſe. A 
relaxed 


k # 
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relaxed ftate of the fibres by the weakneſs and 
laſſitude of the body; a diminiſhed-perſpiration 
by. the uſualy#ymptoms of Sold; and if any 


doubt ariſeth with regard to the ſtate of the blood. 


the opening a vein will uſuglly fatisfy us. In 
many other caſes alſo the like certainty may be 
obtained. But I meant only to inſtruct the rea · 
der in pbiloſophy; whereas I am now treſpaſſing 


on the bounds of the practice of phy/ic; T ſhall 


not therefore any longer detain him on that head. 
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an — relating to the ſubjects 
treated of in this work having occurred to 


me, and ſome of them not being ſo proper to be 
inſerted in the body of an elementary work, 1 
have judged it more proper to place them at the 
end, by way of notes; I have done it in this trea- 
tiſe, becauſe I do not know when I may have lei- 


ſure to trouble the public in print again. 


Page 47, Common air is a mixture of phlogif 
cated and dephlogiſticated airs. When phlogiſ- 
ton is added to dephlogiſticated air, not ſufficient 
to ſaturate the whole, each particle of air is not 
partly phlogiſticated, but a certain number of 
particles are compleatly phlogiſticated; the reſt 
remaining pure air: fimilar to what happens 


when alittle acid is added to much alkali, the 


mixture being then neurral ſalt and pure-alkali z 
or as when a little iron is added to a large quan- 
tity of ſolution of copper. 


Page 56. If the marine acid bedephlogiſticated 


py ep be made to aſſume the form of air. The 
dephlogiſticated marine acid diſſolves gold; and 
qua regia diſſolves that metal only becauſe the 


marine acid in it is dephlogiſticated by the nitrou 


U Page 
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20 POSTSCRIPT. 
Page 72. Profeſſor Bergmah has found that 


ſpirit of wine contains Ry Jeccherine acid, n 
ed ar. a | 


| Page 83 and 94 The doctrine of phlogiſton 
| leſſening the capacities of bodies for containing 
heat, as ſtated by Dr. Crawford, has been oppoſed 
with great force of argument by Mr. . 
and others, who cannot find that the capacities of 
bodies for containing heat are ſo greatly altered 
by means of phlogiſton as Dr. Crawford pre- 
tends to have found by experiments. Perhaps 


the following conſiderations will tend, in ſome 


meaſure, to clear up this matter. 


1 am inclined to think that the heat in com- 
buſtion comes from the air, as I formerly ſuggeſt- 
ed “; but yet I think that we muſt conſider heat, 
or fire in ta different ſtates. When it is ſet free, 
it then manifeſts itſelf as heat; becomes ſenſible 
to the feeling, and the thermometer ; and dif- 
| ferent bodies have different capacities for con- 
taining it, the ſame as they have for containing 
moiſture. A ſpunge, for example, has a greater 
capacity for containing water, or moiſture, than 


Though phlogiſton (or the inflammable body) may extricate 


heat from air and ſome other ſubſtances, it may not from all. 
The fixed alcali extricates the calcareous earth from many ſub- 
ſtances; but there are others to which it has a leſs affinity than 
that earth; and there are other inſtances of the kind to be met 
with in chemiſtry. On the following theory alſo the capacity of a 


body for containing beat, does not. 1 on its quantity of : 


phlogiſton. 


ivory 


. 


ivory or wood. But when fire is chemically com- 
ined with bodies, it then, I think entirely loſes 


its property of heat, even as water does that of 


moiſture when combined in quicklime, or guaia- 
cum wood, It is then no longer ſenſible to the feel. 
ing, or the thermometer, any more than moiſture 
In like circumſtances is to the hygrometer, and 
of courſe is by no means diſcoverable by the 'me- 
© thodsof finding the capacities of bodies for con- 

taining diſengaged fire, or heat. - This difference 


is ſo very obvious, that I wonder! it had not. « oc. | 


curred to me before. 


A body therefore may contain an immenſe 
quantity of fire, in a fixed, or combined ſtate, and 
yet its capacity for containing heat may be very 
little. When that fire is diſengaged, and ſet looſe 
by the addition of phlogiſton, or otherwiſe, it 
ſhall then occaſion a very intenſe Beat, and yet 
its capacity for containing heat ſhall not be found 
to be W it may even be encreaſed, 


4 


The capacity of nitre, for example, i is much 
leſs than that of water; yet when nitre is mixed 
with a combuſtible body, and fired by a ſpark 
which may be conſidered as nothing (for the leaſt 
ſpark will equally firean 100 weights and agrain,) 
a very great degree of heat indeed is generated, 


1 cannot find however, that the capacity of the 


reſiduum, of the Clyſſus, or of the air generated, 


is leſs than that of the mixture was before the | 
W232: 7 con- 
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conflagration; and that no heat was abſorbed from 
the neighbouring bodies is evident, becauſe the 
conflagration happened almoſt in an inſtant ; and 


bodies are a long time in imbibing heat from 


the ſurrounding ſubſtances, as is evident from 


©a mixture of ſpirit of nitre, and ſnow; the ca- 
pacity of which being increaſed, does not become 


faturated till after a very conſiderable time. 


No one, however, will diſpute that the heat 
in the above inſtances came from the mixture of 
the nitre and the inflammable body; and I account 
for it by ſuppoſing that the latter diſplaces the 
fire chemically combined in the acid (or dephlogiſ- | 

ticated air) of the former; all of which (except ' 


perhaps what the inflammable body abſorbs in Ns 
lieu of its phlogiſton) becomes then diſengaged 


fire, or ſenſible heat, agreeable to the theory 
above premiſed ; and which I was led to by the 
conſideration of the analogy of water or moiſture 


in like circumſtances. 


Though therefore Mr. Morgan, and others, 


have found that phlogiſticated and dephlogiſticated 


airs have not their capacities for containing heat 
ſenſibly different, the latter may nevertheleſs 
contain a very great quantity of fire in a ſtate of 
chemical combination; and its being extrieated 
by the inflammable body may be the principle 


on which the heat in combuſtion depends. The 


like may be obferyed with reſpect to animal heat, 
&c. 4 
1 | 


W 
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"Fi it be contended that the lite, ſilelf, S 
when diſcogaged, 1s beat, and that it is diſen- 
gaged by the pure air, or. other principle, at- 
tracted by the baſis of the inflammable body, the 
argument will ſtill hold good, viz. That the 


TY phlogiſton, while in its ſtate of chemical com- 


« þjnation, is not diſeoverable by the methods 
« whereby we detect the capacities of bodies for 
« containing beat.” But the former opinion is 


that to which I am rather inclined. 


* cannot but add however, that I have — 
learnt that it is the opinion of M. Lavoiſier, and 
others, that there is no ſuch thing as pble- 

giſton, in the ſenſe in which we uſe the word. 
They account for combuſtion by ſaying, that 
the dephlogiſticated air unites with the inflam- 
mable body; and hence the increaſe of weight of 
the calces of metals, and of the acids of phoſ- 
phorus and ſulphur, &c. They even explain 


the acidity of theſe acids by imputing it to the 
dephlogiſticated air combined with the inflam- 
mable ſubſtance. | LS, 


J am inclined to thirk chovefiby that dephlo- 
giſticated air is the principle of acidity, neutralized 


with fire. That the inflammable body diſplaces 


the latter from the former, which it attrats by 
a ſuperior affinity; and hence the Beat, and di 
minution of air in theſe caſes, as well as the in-. 
creaſe of weight, acidity, & c. Hence alſo de- 
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phlogiſticated air may be recovered from the 
acid, when properly circumſtanced, by means of 
an intenſe beat. But I mean to conſider this 
matter, and alſo the queſtion concerning the 
exiſtence of phlogiſton, more attentively at my 
leiſure. | | 7 


Page 85, Heat has hitherto been generally 
conſidered as an agent. Ought it not rather to be 
conſidered as a principle? For example, when we 
find that cold water will not diſſolve cream of tar- 
tar, but that Hot water will, ought it not to be ſaid 
that water alone is incapable of diſſolving that 
ſalt, but that it is rendered capable of it by the 1 in- 
tervention of a ſufficient quantity of heat or Are ? 
— So water will not unite with oil; but if an 
alcali be added, it will; the alcali, being attracted 
by both, acting as an intermedium. If the alcali 
be withdrawn From the compound, the union is 
diffolved, and the water and oil ſeparate. So if 
the above folution be expoſed 1 to the cold, the 
fire, or heat, which ſerved as an intermedium, 
being attracted away by the ſurrounding bodies, 


the water, and ſalt, ſeparate. In ſome caſes the 


heat is ſo ſtrongly retained, or fixed in the com- 
pound, that no decompoſition takes place on 
expoſure to cold, the ſurrounding bodies not 
ving power to attract away the heat or fre ſo 
fixed. The like may be obſcrved of bodies not 
burning but 1 in a certain degree of heat; ; and ot 
| many 
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many aches inſtances eSbojer with i hey; 
Again heat or fire decompoſes many compounds. | 
Is it not becauſe one of the ingredients has agreater, 
affinity with it than with the principle its already 
united with? The fire or heat, in ſome caſes, i8 
attracted aw: xy by the neighbouring bodies on ex- 
Poſure to cold, and the body is again capable of 
uniting With the principle that Was expelled, by 
the heat; but in other caſes this, does. not hap-; 
pen. Heat or fire therefore, ſeems to act in. the 
ſame manner as other chemical Principles.— 
If vitriolic acid be combined with water, its acti - 
vity is very great. If it be transferred to metals, 
earths, &c. its activity becomes leſs and leſs, till 
at length it is imperceptible. If the ſame quan- 
tity of fire be transferred from ſome bodies, to 
others, in a like ſucceſſion, according to their 
capacities for containing heat, the activity of this 
principle is, in like manner, decreaſed, For. fire to 
appear as heat therefore, muſt it not be diſſolved 
in bodies? And is not its activity more re- 
ſtrained, in proportion as bodies attract it more 
ſtrongly? The diſpute whether heat be a quality, 
« or a ſulſtance, may, perhaps, be ſettled by theſe 
conſiderations.— If vitriolic acid air be added to 
water, it will be diſſolved; and the water will be 
more ſtrongly impregnated with its acid virtue as 
more is added; bot when the water is ſaturated, 
| the acid flies of in the form of arr. If fire be added 
0 a body, it is sdifſolved by i it, and thereby conſti- 
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tutes beat; which is greater, in proportion to tha 
quantity of fire ſo diſſlved? But if the fite be 
added beyond a certain proportion, does it not 
fly off in the form of light? (The red-making 
particles firſt, and tlie others afterwards ? * 


6 Page 85. in addition to the note at the be 
tom, it may be obferved, that it has been 


by a foreign philoſopher, that ſolid be ies EX= 
panded by force, break exactly at th i point of 


expanſion at which they would become Avid by 
heat, But I have even yet no decided opinion 


in regard to the hypothefis ſuggeſted in that 
Page 102. It may be added, that fermentation. 
putrefaction, &c. are the great means employed 
by nature for reſolving animal and ee 
bodies into their principles. 102 


Tels. 107 and 112. See alſo note, P. 272. 
Page 219. The elafticity of muſcular fibres is 


independent of their irritability. The muſcles 
of ſome fiſhes, &c. are not elaſtic, or but very 


little ſo. Where much ſtrength is wanted, elaſ- 
„ ene e the muſcles of che leg 
| of 


Thus alſo light beats bodies. — If cleQricity, i in clerics 
contin into light, and diſoFves into Beat, (as vapor, by cold, 
returns to an,] docs it not argue hat light, heat, and electricity, 
are the. ſame. principle, only in diff erent eircumſtantes ? I mean t 
conſider this ſubject alſo, more particularly at my leiſure, | 
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of a bullock are more elaſtic than thoſe of the 
Abe; of a ſmall fiſh, than a W ey: 


% 


* 221. The wulcles ſerved by the ſecond 
and third ſets of nerves are now defined by phy- 
ſiologiſts as having, the one original motion, £0 


other voluntary motion, or 1 on the 


brain. 2 


| Page 222. On the meeting or union of nerves 
ſerving different parts, as in ganglions, &c. the 
ſympathy of parts with one another ſeems to 
depend. 


2 
1 2441 


N Page 250. The ack red 3 of the 1 oy 
nous; blood ſeems, by comparing it with the 
colours of a ſoap-bubble, to be of the fir order, 


that of blood reddened by air of the ſecond, the 


direct contrary. to what we might expect from 
this doctrine. This led me to aſk, whether the 
blood does not acquire ſome principle from the 


air in lieu of its phlogiſton, ſo as even to make 


the particles larger than they were before. 


When white metals are calcined, their colours 
are changed from the white of the fr order to 


ſome colour which argues a greater thickneſs of 
the particles. And it is now known that they 


attract pure air, or ſome other, from the atmo- 
ſphere i in lieu of their phlogiſton, by means of a 


double 
1 


2 1 
Tas 


%, 
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double affinity, and thereby become heavier tharl 
before. The latter is alſo the caſe with the 
acids of phoſphorus, and of ſulphur, as already 
obſerved. It ſeemed to me, from the above 
change of colour, that the caſe was the ſame 
with che blood. Is it not dephlogiſticated air 
that i is thus attracted by the blood? For that 
is the principle which the air loſes by reſpira- 
tion 


f this — the caſe, De heat may be ac- 
counted for in the following manner. Dephlo- 
giſticated air is attracted by the blood in the 
Jungs in its undecompoſed ſtate; hence the redder 
colour . As the blood circulates in the body, 
this dephlogiſticated air 1s decompoſed. Its acid 
principle, or baſis, unites with the phlogiſ- 
ton, or light, from the nerves or fibres, if 
the theory of motion formerly ſuggeſted be 
true, or elſe 1s attracted by means of a ſuperior 
affinity, into the fibres, or other parts of the 


I Gee it See cf = Ak 
red colour. By expoſure to air, it. becomes florid. But when 


begins to putrefy, it becomes dark coloured again. It has 
Hom ſaid that the globules are broken down, but ought we not 


rather to ſay, that they are revived (by the phlogiſton diſengaged 
by the putrefaction, ) and that like metals, they then give out again 
the air they had attracted in lieu of their TI? This, how- 
ever, is offered as a mere conjecture, 


+ e and other nale n alſo redden blood. 
| | WT © 9 ſtem, 
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ſyſtem, and its fre being thereby ſet *. occa- 
ſions the beat of the load. 


When animals are placed ina higher tempe⸗ 
rature they generate leſs heat than when placed 
in a colder one, Dr. Crawford has found that 
the colour of the venous blood is more florid in 

the former caſe than in the latter; had not leſs. 
dephlogiſticated air in the blood therefore been 
decompoſed, and of courſe leſs heat generated ? 
This, together with the difference of evaporation 
by the lungs, and ſurface of the body, in theſe. 
caſes, ſeems to account: for animals always pre- 
ſerving the ſame temperature. 


But the mere cauſing of animal heat, does not 
by any means ſeem to account for reſpiration. 
being fo abſolutely neceſſary to life that an ani- 
mal cannot exiſt even a few minutes without it. 
Beſides animal heat therefore, I had formerly 
ventured to ſuggeſt whether animal motion, or the 
action of the muſcular fibres, on which the cir- 
culation and life immediately depend, was not 
alſo connected with this function? The follow 
ing is alſo ſubmitted to the reader. * 4 


The hear of animals ſeems to be in 1 proportion 
to the quantity of air which they breathe, The 
quantity of air breathed, or in other words, the 


* Or does TD air extricate FR phlogiſton from the nerves, fibres, 


or other parts, in the form of heat? If i it be true chat e is 
fixed heats 


* quantity 
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quantity of dephlogiſticated air contained in the 
arterial blood of animals, ſeems to be in the di- 
rect proportion to their heat, and in the inverſe ! 2 
proportion to the 77rizability, or diſpoſition to ' 
- eontraction in the moving fibres. Thus, fiſhes 
breathe leſs air than amphibiæ , and thoſe leſs 
than land animals; and their irritability is, I | 
think, held to be in the contrary order; for 
| 


which reaſon alſo, it ſeems to be that the motion | 
or pulſe of the blood in the avrtic ſyſtem is leſs | 
in fiſhes than in land animals, fo as to give leſs 
ſtimulus to their fibres, 


To animal motion two things are known to 
be eſſentially neceſſary, viz. irritability in the 

- Fibres, and a ſtimulus in the blood, The great and | 
principal ſtimulus employed by nature in the 7 
blood is heat. The influence of this ſtimulus is 1 
obvious from hence, that if the heat of the blood 1 
be encreaſed (as in fevers) the action of the fibres of 
is alſo encreaſed, and vice verſa. Heat therefore 
is abſolutely neceſſary to the continuance of the vitat 
motions +. And we alſo find that the heat is in the © 3 
inverſe proportion to the irritability, as hath al- 
ready been obſerved. But to ſupply this heat, 


— — 


® In this claſs of animals, only part of the blood goes to the 
lungs, and on its return is mixed and diluted with the remainder | 
of the maſs, 


+ The voluntary muſcles require an additional i 8 
the brain or nerves. Vet they muſt be previouſly prepared for the 


Action of that ſtimulus, by heat. See Eſays on Phyſiological Subjects. 
reſpira- 
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reſpiration | is neceſlary ? and this ſeems to ſhew, 
that reſpiration ſupports life by means of con- 


tinuing the vital and other motions of the body on 


the principle above deſeribed. 1 n 


In ſupport of this opinion, it may be obſerved, 
that the heat (at leaſt the ſummer heat) of the 


atmoſphere, is ſufficient for the animation of 


ſome inſects, &c. and hence they have no 
lungs. 


P 


The chick in ovo is heated and 3 by 
external warmth, and therefore its breathing is 
not required. The ſame is partly the caſe 
with the faxtus in utero. Hence after birth, 
breathing is abſolutely neceſſary to both. Theſe 
inſtances ſeem to demonſtrate that motion is de- 
pendent on heat, and heat on reſpiration, as 
above ſuggeſted . 


Many other arguments might be offered in 


- ſupport of this theory, which (at leaſt as far as 


concerns the connection of reſpiration with heat, 
and the ſtimulus to involuntary motion) ſeems 
perfectly ſimple and obvious, If the doctrine 


be true, the ſpecific. power of the blood in at- 


* The blood of the foetus may alſo receive a ſmall portion of 


pure air (and of courſe latent heat) from the mother, by means 


of the umbilical veſſels. 
+ The heat of animals is alſo of uſe to liquefy their blood and 
juices z but this does not ſeem by any wenn to be grand uſe 


of heat. 


tracting 
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tracting pure air in the lungs, and of parting. 


with it ſo as to be decompoſed in the body, the 
variations of that power, and their effects on the 


vital motions, &c. will probably conſtitute a 
very important conſideration in phyſic. But all 
this is ſpoken with ſubmiſſion to better judges, 


m * * 
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Lately publiſhed, by the Author of the preceding 
Work. © 


I. Taz Mznicai, 'PockzT-Book. Containing 
a ſhort but plain Account of the Symptoms, 


Cauſes, and Methods of Cure, of the Diſeaſes 


incident to the Human Body, including ſuch as 
require ſurgical Treatment: together with the 
Virtues and Doſes of medicinal Compoſitions 
and Simples. Extracted from the beſt Avthors, 
and digeſted into alphabetical Order. 2s. ſewed. 


II. An Account of the Nature and Medicinal 
Virtues of the principal Mineral Waters of Great 
Britain and Ireland, and thoſe moſt in Repute 
on the Continent. To which are prefixed, Di- 
rections for 1 impregnating water with fixed Air, 
in order to communicate to it the peculiar Virtues 
of Pyrmont Water, and other Mineral Waters of 
a ſimilar Nature, extracted from Dr. Prieſtley's 
Experiments on Air, with an Appendix, con- 
taining a Deſcription of Dr. Nooth's Apparatus, 


with the Improvements made in it by others, and 


a method of imitating the Sulphureous, Chaly- 


beate, and Purging Waters. 3s. ſewed. 


III. PniLosopHICAL OBSERVATIONS on the 
Senſes of Viſion and Hearing, &c. 38. 6d. ſewed. 


IV. Es8avs on PHYSIOLOGICAL 9911775 
18. 6d. ſewed. 


V. The Medical and Philoſophical Works of 


the late JohN ForHEROILL. M. D. F. R. S. &c. 
with his Life, and occaſional Notes. 6s. 6d. ſewed. 
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In one Volume Folio, illuſtrated with 24 Cops 
per-Plates, Price 11. 11s. 6d. bound. 

A NEW MEDICAL- DICTIONARY, 


Or General Repoſitory of Anatomy, Phyſiology, 
Phyſic, Surgery, Materia IOW Phar- 
macy, &c. &c. 

By G. MOT HE RB T, M. D. 


Printed for J. Johnſon, in St. Paul's Church- 
| Yard, 

There is perhaps no Science, of which a 
Syſtem, digeſted in the Form of a Dictionary, 
can prove more uſeful than that of Medicine. 

After reading many articles in this excel- 
lent Compoſition, we can affirm with Truth, 
that it contains a more accurate Account of Diſ- 
eaſes, with a more full inveſtigation of the Ma- 
teria Medica, and other acceſſory Parts of Me- 
dicine, according to the lateſt Improvements in 
that Science, than are at preſent to be met with 
in any other Work of the Kind ; and we there- 
fore recommend it to Gentlemen of the Faculty, 
not only as highly uſeful in itſelf, but as a Sub- 
ſtitute even to many of the moſt capital Volumes 
in the Medical Library.“ Vide Crit. Review. 
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